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Am2900 COMPONENTS CONTINUOUSLY 
BECOME FASTER AND FASTER 


MORE SPEED: NO MORE POWER 


There’s a good old tried and proven way to make faster IC’s — 
burn more power. (That's the only real difference between “LS” 
and “S” devices). But that solution isn't satisfactory for LS! de- 
vices like the Am2900 family. Power is constrained to existing 
levels for reliability reasons. 


Am2900 parts are always designed to obtain the maximum 
speed at a power level which is safe for the package types and 
operating environment of the part. To increase speeds, new 
technologies must be used to build faster components at no 
increase in power. 


NEW CIRCUIT DESIGN TECHNIQUES MAKE FASTER 
GATES 


One way to make faster components is to use new circuit de- 
sign techniques. The most obvious is internal ECL, which pro- 
vides very fast gates at similar power levels to LS TTL. Other 
design techniques, such as low-level logic (with very small logic 
swings on-chip), can also provide higher speeds without intro- 
ducing the time penalty of ECL to TTL conversion. 


Finally, very low power gates used in non-critical speed paths 
make more power available for use in critical speed paths. As 
the 2900 family develops, all these technologies will be used 
within a single component to achieve the highest speeds with- 
out increasing power. Among the first products to take advan- 
tage of mixed-circuit technology will be the Am2903A. 


IMPROVED PROCESS CONTROL ALLOWS TIGHTER 
SPECS 


Today’s 2900 parts are carefully characterized over a wide 
range of voltages, temperatures, and process parameters be- 
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fore an AC specification is published. As manufacturing 
technology improves, the process is subject to smaller run-to- 
run variations, so that all of the product is closer to design 
nominal. This makes it possible to specify parameters more 
closely to typical without incurring large yield losses. The first 
product reflecting this is the Am2903. 


WHAT’S GOOD FOR THE GOOSE IS GOOD FOR THE 
GANDER 


Many new tools in production technology are emerging, primar- 
ily spurred by the emphasis on high-speed MOS memories. 
The same tools, such as projection masking, also provide for 
smaller geometries in bipolar circuits. As MOS gets faster, so 
does bipolar. The Am2901B obtains its speed improvement over 
the Am2901A through these tools. 


DESIGN FOR THE FUTURE 


Every Am2900 part will undergo an evolution as new 
technologies become practical for production. Every part type 
will continuously become faster. Within a few short years, 2900- 
based designs will compete favorably with Schottky MSI on a 
speed basis at a fraction of the component count. 


Most existing 2900 designs can be offered in higher perfor- 
mance versions simply by substitution of the 2901B for the 
2901A, the 2909A for the 2909, the 2903A for the 2903, and so 
forth. Your 2900 design won't run out of speed in a few years. 
Advanced Micro Devices’ 2900 Family will serve tomorrow's 
needs as well as today’s. 








SMALLER DIE SIZES MAKE FASTER PARTS 
Am2901A 


Am2901B 
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INTRODUCTION 


THREE GENERATIONS OF TTL 


Transistor-transistor logic has been the dominant technology 
for digital circuits since it was developed in the mid-1960’s. 
it has proven itself to be manufacturable in high volume using 
an extremely reliable process technology. The processes used 
for TTL have evolved over the years, making components 
smaller, faster and less expensive. Relative to a TTL gate 
manufactured in 1966, a gate on a circuit manufactured today 
occupies 1/5 the area, consumes 1/10 the power, is twice as 
fast and costs less than 1/100 the price. 


The circuits built using TTL technology have gone through 
two generations; the Am2900 Family represents the beginning 
of the third. Each generation consists of circuits which are 
fundamental building blocks of systems — circuits which can 
be interconnected in many different ways to build many 
different systems. Only by producing such universal circuits 
can manufacturing volumes be high enough to generate the 
rapid cost reductions characteristic of the integrated circuit 
industry. 


The quality which distinguishes one generation from another 
is the level of integration used, and, because of the level of 
integration, the philosophy behind the circuit. 


if one draws a curve plotting the cost of an individual gate 
against the number of gates on a chip, Figure 1 results. 
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Figure 1. MPR-001 


At the left, cost per gate is inversely proportional to the 
number of gates on the chip. The chip is small enough that 
it does not represent a significant portion of the cost of the 
product — it is virtually free. The cost of the product is 
composed of labor in assembly and test, the cost of processing 
an order, shipping and fixed overhead. Doubling the number of 
gates on the chip doesn’t materially affect the cost so the cost 
per gate halves. As the number of gates per chip increases, the 
die begins to cost more, reversing the downward trend. As die 
cost dominates, the cost per gate remains relatively flat until 
the yield of the die begins to decline markedly. The cost per 
gate then begins to rise again. The lowest cost per gate is 
achieved .at a level of integration corresponding to the flat 
region. This is the optimum level of integration. 


As technology improves, costs are constantly reduced and the 
/ optimum level of integration occurs at more and more gates 
* per chip. 


The three curves of Figure 2 are the reason for the three 
generations of TTL. Each generation has consisted of funda- 
mental system building blocks designed to take advantage of 
the optimum level of integration at the time. 
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Figure 2. MPR-002 


GENERATION |! — SSI, 1965 

In 1965, the optimum level of integration was three-to-six 
gates per chip. Users were delighted to buy such chips at 
$10-20 each. The circuits were useful in many systems. They 
consisted of gates — the 7400, 7410, 7420 — and, pressing the 
state of the art, some flip-flops. They were fundamental 
building blocks, 


GENERATION II — MSI, 1970 


Beginning around 1968, it became economical to put more 
gates on a chip and the industry was faced with a problem: 
How does one put 20 gates on a chip and build a universal 
building block? Clearly, one answer was to bring the inputs 
and outputs off chip as had been done before. But that was 
the wrong answer. The right answer was to redefine funda- 
mental building blocks. The new building blocks fell into seven 
categories: 


Counters 

Decoders 

Multiplexers 

Operators (adders, comparators) 
Encoders 

Registers 

Latches 


All systems could be defined in terms of these seven functions, 
and integrated circuits could be defined at the 20-50 gate/ 
chip level which performed these functions efficiently. This, 
of course, is MSI. Over the last six or seven years, more and 
more circuits of this type have been introduced, utilizing 
standard gold-doped technology, low-power TTL, high-speed 
TTL, Schottky TTL, and now low-power Schottky TTL 
technology. Today, there are over 250 different MSI circuits 
and new ones appear every month. But in today’s technology, 
many of these circuits are not particularly cost effective. They 
are too small for today’s technology and their costs are labor 
intensive. (Labor costs do not follow traditional semiconductor 
pricing patterns.) In 1977, the optimum level of integration 
for bipolar logic is around 500 gates/chip. 


GENERATION II! — The Am2900 Family, 1976 


At a 500-gate-per-chip level of integration, one does not build 
counters, decoders, and multiplexers. A new definition of 
fundamental system functions is needed. Advanced Micro 
Devices has defined these eight categories: 


Data Manipulation 
Microprogram Control 
Macroprogram Control 
Priority Interrupt 
Direct Memory Access 
1/O Control 

Memory Control 
Front Panel Control 
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The Am2900 Family consists of circuits designed to perform 
those functions efficiently. They are fundamental system 
building blocks; they contain hundreds of gates per chip; 
they are fast — utilizing Low-Power Schottky TTL technology; 
they are expandable; they are flexible — useful in emulation; 
and they are driven under microprogram control. 


THE Am2900 FAMILY 


The Am2900 Family consists of a series of LSI building blocks 
designed for use in microprogrammed computers and con- 
trollers. Each device is designed to be expandable and suffi- 
ciently flexible to be suitable for emulation of many existing 
machines. It is the wide variety of machine architectures 
possible with the Am2900 Family which sets it apart from the 
fixed-instruction microprocessors such as the Am9080A. 


While an Am9080A can be used to build a microcomputer with 
only four or five packages, an Am2900 design will require 30 
or 40 or more. The Am9080A design will, therefore, almost 
always be cheaper. But the Am9080A, or any other fixed- 
instruction processor, can execute only one instruction set, so 
it is not really suitable for emulation of another machine. 


Moreover, a fixed-instruction processor operates only on 
words of a single length, usually eight bits. An Am2900 design, 
on the qther hand, can be constructed for any word length 
which is a multiple of four bits. 


Many applications require specialized operations to be per- 
formed at relatively high speed. Such functions as multiply 
and divide and special graphic control operations, can be done 
in microcode 10-100 times faster than in fixed-instruction 
MOS processors. 


MICROPROGRAMMED ARCHITECTURE 


Most small processors today are being designed using a tech- 
nique called microprogramming. in microprogrammed systems, 
a large portion of the system’s control is performed by a read 
only memory (usually PROM) rather than large arrays of gates 
and flip-flops. This technique frequently reduces the package 
count in the controller and provides a highly ordered structure 
in the controller, not present when random logic is used. 


Moreover, microprogramming makes changes in-the machines’ 


instruction set very simple to perform — reducing the post- 
production engineering costs for the system substantially. 


The Am2900 Family of Bipolar LSI devices has been designed 
for use in microprogrammed systems. Each device performs a 
basic system function and is driven by a set of control lines 
from a microinstruction. 


Figure 3 illustrates a typical system architecture. There are 
two “sides” to the system. At the left is the control circuitry 
and on the right is the data manipulation circuitry. The block 
labeled ‘2901 array’ consists of the ALU, scratchpad registers, 
data steering logic (all internal to the Am2901's), plus left/ 


Introduction 


right shift control and carry lookahead circuit. Data is pro- 
cessed by moving it from main memory (not shown) into the 
2901 registers, performing the required operations on it and 
returning the result to main memory. Memory addresses may 
also be generated in the 2901’s and sent out to the memory 
address register (MAR). The four status bits from the 2901's 
ALU are captured in the status register after each operation. 


The logic on the left side is the control section of the com- 
puter. This is where the Am2909, 2910, or 2911 is used. The 
entire system is controlled by a memory, usually PROM, 
which contains long words called microinstructions. Each 
microinstruction contains bits to control each of the data 
manipulation elements in the system. There are, for example, 


-nine bits for the 2901 instruction lines, eight bits for the A 


and B register addresses, two or three bits to control the 
shifting multiplexers at the ends of the 2901 array (Figure 19 
on 2901 data sheet), and bits to control the register enables 
on the MAR, instruction register, and various bus transceivers. 
When the bits in a microinstruction are applied to all the data 
elements and everything is clocked, then one small operation 
(such as a data transfer or a register-to-register add) will occur. 


A “machine instruction” (such as a minicomputer instruction 
or a 9080A instruction) is performed by executing several 
microinstructions in sequence. Each microinstruction therefore 
contains not only bits to control the data hardware, but also 
bits to define the location in PROM of the next microinstruc- 
tion to be executed. The fields are labeled in Figure 3 as |, CC, 
and BA. The | field controls the sequencer. It indicates where 
the next address is located — the uPC, the stack, or the direct 
inputs — and whether the stack is to be pushed or popped. 


The CC field contains bits indicating the conditions under 
which the | field applies. These are compared with the condi- 
tion codes in the status register and may cause modification to 
the |. field. The comparing and modification occurs in the 
block labeled “control logic’. Frequently this isa PROM or PLA. 
In the case of the Am2910, it is built into the chip. The BA field 
is a branch address or the address of a subroutine. 


PIPELINING 


The address for the microinstructions is generated by the 
sequencer, starting from a clock edge. The address goes from 
the sequencer to the ROM and, an access time later, the micro- 
instruction is at the ROM outputs. 


A pipeline register is a register placed on the output of the 
microprogram memory to essentially split the system in two. 
The pipeline register contains the microinstruction currently 
being executed . (Refer to the circled numbers in Figure 3.) 
The data manipulation control bits go out to the system 
elements and a portion of the microinstruction:is returned to 
the sequencer (2) to determine the address of the next micro- 
instruction to be executed. That address () is sent to the ROM 
and the next microinstruction @) sits at the input of the 
pipeline register. So while the 2901's are executing one instruc- 
tion, the next instruction is being fetched from ROM. Note 
that there is no sequential logic in the sequencer between the 
select lines and the output. This is important because the loop 
@ to @ to 8) to @) must occur during a single clock cycle. 
During the same time, the loop from to must occur in 
the 2901’s, These two paths are roughly the same (around 
200ns worst case for a 16-bit system). The presence of the 
pipeline register allows the microinstruction fetch to occur 
in parallel with the data operation rather than serially, allowing 
the clock frequency to be doubled. 
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The system shown in Figure 3 works as follows. A sequence 
of microinstructions in the PROM is executed to fetch an 
instruction from main memory. This requires that the program 
counter, often in a 2901 working register, be sent to the 
memory address register and incremented. The data returned 
from memory is loaded into the instruction register. The 
contents of the instruction register is passed through a PROM 


or PLA to generate the address of the first microinstruction 


which must be executed to perform the required function. 
A branch to this address occurs through the sequencer. Several 
microinstructions may be executed to fetch data from memory, 
perform ALU operations, test for overflow, and so forth. Then 
a branch will be made back to the instruction fetch cycle. At 
this point, there may be branches to other sections of micro- 


code. For example, the machine might test for an interrupt 
here and obtain ‘an interrupt service routine address from 
another mapping ROM rather than start on the next machine 
instruction. There are obviously many possibilities. Through- 
out this data book, in application notes, and within data 
sheets, some suggested techniques will be found. 


Additional application notes are in preparation and are planned 
for publication. Advanced Micro Devices’ Applications’ staff 
is available to answer nuestions and provide technical assistance 
as well. They may be reached by calling (408) 732-2400, or, 
outside California (800) 538-8450: Ask for Am2900 Family 
Applications. 
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Four-Bit Bipolar Microprocessor Slice 


































DISTINCTIVE CHARACTERISTICS 


@ Two-address architecture — 
Independent simultaneous access to: two working registers 
saves machine cycles. 


e@ Eight-function ALU — 
Performs addition, two subtraction operations, and five logic 
functions on two source operands. 


GENERAL DESCRIPTION © 


The four-bit bipolar microprocessor slice is designed as a high- 
speed cascadable element intended for use in CPU’s, peripheral 
controllers, programmable microprocessors and numerous 
other applications. The microinstruction flexibility of the Am2901 
will allow efficient emulation of almost any digital computing 
machine. 
























The device, as shown in the block diagram below, consists of a 
16-word by 4-bit two-port RAM, a high-speed ALU, and the. as- 
sociated shifting, decoding and multiplexing circuitry. The nine- | 
bit microinstruction word is organized into three groups of three 
bits each and selects the ALU source operands, the ALU func- 
tion, and the ALU destination register. The microprocessor is 
cascadable with full look-ahead or with ripple carry, has three- 
state outputs, and provides various status flag outputs from the 
ALU. Advanced low-power Schottky processing is used to fabri- 
cate this 40-lead LSI chip. 


The Am2901B is a plug-in replacement for the Am2901 or 
Am2901A, but is 25% faster than the Am2901A and 50% faster 
than the Am2901. 


@ Flexible data source selection — 
ALU data is selected from five source ports for a total of 203 
source operand pairs for every ALU function. 


@ Left/right shift independent of ALU — 
Add and shift operations take only one cycle. 










e@ Four status flags — 
Carry, overflow, zero, and negative. 


@ Expandable — 
Connect any number of Am2901’s together for longer word 
lengths. 


@ Microprogrammable — 
Three groups of three bits each for source operand, ALU 
function, and destination control. 


@ Fast — 

Am2901B is up to 27% faster than Am2901A, up to 50% 
faster than Am2901. The Am2901B meets or exceeds ail of 
the specifications for the Am2901 and Am2901A. 























MICROPROCESSOR SLICE BLOCK DIAGRAM 









8 7 6 5 4 3 2 1 0 











DESTINATION ALU ALU 
CONTROL FUNCTION SOURCE 











MICROINSTRUCTION DECODE 


TABLE OF CONTENTS 
















Block DiagramS ......... 0... ccc cece cece eens 2-1, 2-3 
Function Tables ......... 0.0 ccc eee cee e eee c ee enees 2-4 
Order Codes. ....0:4 65. eee ne boa kae da aey eee ens 2-6 
Connection Diagram ....... 0... cc cece ee eee ee 2-7 











——»|RAMg = RAMSHIFT = RAM3 |= 


——/ a) Q3 
CLaCK r Q-SHIFT 


















Pin Definitions ..........ccecccceeccctecevsccceveucs 2-7 voereN i 
ee a te es a eo eee 
DC Characteristics ......0.0 0... cc ccc cece cece euiueus 2-9 Be m4 eat recs pecerens daeeisren’ 
Switching Characteristics ...............00. 2-10, 2-11, 2-12 (ADDRESS. Pe oe les - 
A 






OUT OUT 


Speed Calculations ......... 0... c cece eee eee eee 2-15 
Burn-in Circuit 2.0... ccc eee cnn eee e eee neen 






DIRECT 
DATA IN 















CARRY IN 


For applications information see the last part of this data sheet and 
chapters III and IV of “Build a Microcomputer’, AMD's application note 
series on the Am2900 Family. 







Cura 
- Fs (SIGN) 
OVERFLOW 
——e- F= 0000 






















A F 
ENABLE Se OUTPUT DATA SELECTOR 
Y 


U DATA OUT 






MPR-004 






2-1 


Am2901 * 2901A « Am2901B 


ARCHITECTURE 


A detailed block diagram of the. bipolar microprogrammable 
microprocessor structure is shown in Figure 1. The circuit is a 
four-bit slice cascadable to any number of bits. Therefore, all 
data paths within the circuit are four bits wide. The two key 
elements in the Figure 1 block diagram are the 16-word by 4-bit 
2-port RAM and the high-speed ALU. 


Data in any of the 16 words of the Random Access Memory 
(RAM) can be read from the A-port of the RAM as controlled by 
the 4-bit A address field input. Likewise, data in any of the 16 
words of the RAM as defined by the B address field input can be 
simultaneously read from the B-port of the RAM. The same code 
can be applied to the A select field and B select field in which case 
the identical file data will appear at both the RAM A-port and 
B-port outputs simultaneously. 


When enabled by the RAM write enable (RAM EN), new data is 
always written into the file (word) defined by the B address field 
of the RAM. The RAM data input field is driven by a 3-input 
multiplexer. This configuration ‘is used to shift the ALU output 
data (F) if desired. This three-input multiplexer scheme allows the 
data to be shifted up one bit position, shifted down one bit posi- 
tion, or not shifted in either direction. 


The RAM A-port data outputs and RAM B-port data outputs 
drive separate 4-bit latches. These latches hold the RAM data 
while the clock input is LOW. This eliminates any possible race 
conditions that could occur while new data is being written into 
the RAM. 


The high-speed Arithmetic Logic Unit (ALU) can perform three 
binary arithmetic and five logic operations on the two 4-bit input 
words:.R and S. The R input field is driven from a 2-input multi- 


_ plexer, while the S input field is driven from a 3-input multi- 


plexer. Both multiplexers also have an inhibit capability; that is, 
no data is passed. This is equivalent to a ‘“’zero’’ source operand. 


Referring to Figure 1, the ALU R-input multiplexer has the RAM 
A-port and the direct data inputs (D) connected as inputs. Like- 
wise, the ALU S-input multiplexer has the RAM A-port, the 
RAM B-port and the QO register connected as inputs. 


This multiplexer scheme gives the capability of selecting various 
pairs of the A, B, D, OQ and “0” inputs as source operands to the 
ALU. These five inputs, when taken two at a time, result in ten 
‘possible combinations of source operand pairs. These combin- 
ations include AB, AD, AQ, AO, BD, BQ, BO, DQ, DO and OO. 
It is apparent that AD, AQ and AO are somewhat redundant with 
BD, BQ and BO in that if the A address and B address are the 
same, the identical function results. Thus, there are only seven 
completely non-redundant source operand pairs for the ALU. 
The Am2901 microprocessor implements eight of these pairs. 
The microinstruction inputs used to select the ALU source 
operands are the Ig, 17, and Ig inputs. The definition of Io, I4, 
and |9 for the eight source operand combinations are as shown in 
Figure 2. Also shown is the octal code for each ‘selection. 


The two source operands not fully described as yet are the D in- 
put and Q input. The D input is the four-bit wide direct data 
field input. This port is used to insert all data into the working 
registers inside the device. Likewise, this input can be used in the 
ALU to modify any of the internal data files. The Q register is a 
separate 4-bit file intended primarily for multiplication and 
division routines but it can also be used as an accumulator or 
holding register for some applications. 


The ALU itself is a high-speed arithmetic/logic operator capable 
of performing three binary arithmetic and five logic functions. 
The !3, 14, and !5 microinstruction inputs are used to select the 


ALU function. The definition of these inputs is shown in Figure 3. 
The octal code is also shown for reference. The normal technique 
for cascading the ALU of several devices is in a look-ahead carry 
mode. Carry generate, G, and carry propagate, P, are outputs of 
the device for use with a carry-look-ahead-generator such as the 
Am2902. A carry-out, Cy+4, is also generated and is available 
as an output for use as the carry flag in a status register. Both 
carry-in (C,_) and carry-out (Cy+4) are active HIGH. 


The ALU has three other status-oriented outputs. These are F3, 
F = 0, and overflow (OVR). The F3 output is the most significant 
(sign) bit of the ALU and can be used to determine positive or 
negative results without enabling the three-state data outputs. 
F3 is non-inverted with respect to the sign bit output Y3. The 
F = O output is used for zero detect. It is an open-collector out- 
put and can be wire OR’ed between microprocessor slices. F = 0 
is HIGH when all F outputs are LOW. The overflow output (OVR) 
is used to flag arithmetic operations that exceed the available 
two’s complement number range. The overflow ‘output (OVR) 
is HIGH when overflow exists. That is, when C,43 and Cy4,4 are 
not the same polarity. 


The ALU data output is routed to several destinations. It can be a 
data output of the device and it can also be stored in the RAM or 
the QO register. Eight possible combinations of ALU destination 
functions are available as defined by the Ig, !7, and lg micro- 
instruction inputs. These combinations are shown in Figure 4. 


The four-bit data output field (Y) features three-state outputs and 
can be directly bus organized. An output control (OE) is used to 
enable the three-state outputs. When OE is HIGH, the Y outputs 
are in the high-impedance state. 


A two-input multiplexer is also used at the data output such that 
either the A-port of the RAM or the ALU outputs (F) are selected 
at the device Y outputs. This selection is controlled by the Ig, I7, 
and Ig microinstruction inputs. Refer to Figure 4 for the selected 
output for each microinstruction code combination. 


As was discussed previously, the RAM inputs are driven from a 
three-input multiplexer. This allows the ALU outputs to be 
entered non-shifted, shifted up one position (X2) or shifted down 
one position (+2). The shifter has two ports; one is labeled RAMo 
and the other is labeled RAM3. Both of these ports consist of a 
buffer-driver with a three-state output and an input to the multi- 
plexer. Thus, in the shift up mode, the F AM3 buffer is enabled 
and the RAMg multiplexer input is enabled. Likewise, in the shift 
down mode, the RAMo buffer and RAM3 input are enabled. In 
the no-shift mode, both buffers are in the high-impedance state 
and the multiplexer inputs are not selec::ed. This shifter is con- 
trolled from the Ig, 17 and Ig microinstruction inputs as defined 
in Figure 4. 


Similarly, the O register is driven from a 3-input multiplexer. In 
the no-shift mode, the multiplexer enters the ALU data into the 
Q register. In either the shift-up or shift-Jown mode, the multi- 
plexer selects the QO register data apprcpriately shifted up or 
down. The Q shifter also has two ports; one is labeled Qo and the 
other is Q3. The operation of these two ports is similar to the 
RAM shifter and is also controlled from ig, I7, and Ig as shown 
in Figure 4. 


The clock input to the Am2901 controls the RAM, the Q register, 
and the A and B data latches. When enabied, data is clocked into 
the OQ register on the LOW-to-HIGH transition of the clock. When 
the clock input is HIGH, the A and B latches are open and will 
pass whatever data is present at the R.AM outputs. When the 
clock input is LOW, the latches are closed and will retain the 
last data entered. If the RAM-EN is enabled, new data will be 
written into the RAM file (word) definec by the B address field 
when the clock input is LOW. 
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Figure 1. Detailed Am2901B Microprocessor Block Diagram. 
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ALU SOURCE 


MICRO CODE OPERANDS 


MICRO CODE ALU 


Function 


SYMBOL 


R Plus S 

S Minus R 
R Minus S 
RORS 
RANDS 
RAND S 
REX-ORS 
R EX-NOR S 


Qa 0 
B H 1 
Qa L 2 
B H 3 
A L 4 
A H 5 
Q L 6 
ie) H 7 





ALU Function Control. 
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“PON? USE O DISABLE FEN 2 GBNABLE FEN 
X = Don’t care. Electrically, the shift pin is a TTL input internally connected to a three-state output which is in the high-imf-edance state 
B = Register Addressed by B inputs. 


UP is toward MSB, DOWN is toward LSB. Figure 4 ALU Destination Control 















































A,Q A,B o,a 
A+Q A+B (0) 
AtQ+1 A+Bt O+1 
Q--A-1 B-A~1 Q-1 
S Minus R 
Cn=H Q-A B-A Q 
Cn=L A-Q-1 A-B--1 -O-1 
R Minus S 
Cn=H A-Q A-B Q 
RORS Ava AvB a 
RANDS AAQ AAB 0 
5 | RANDS RAQ AAB Q 
6 JREX-ORS Ava A¥B Q 
7 |REX-NORS| Ava AVB ro) 
+ = Pius: —~ = Minus; V = OR: A = AND; ¥ = EX-OR 


Figure 5. Source Operand and ALU Function Matrix. 
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SOURCE OPERANDS AND ALU FUNCTIONS Figure 5 results. This matrix fully defines the ALU/source 
operand function for each state. 


The ALU functions can also be examined on a ‘‘task”’ basis, 
There are eight source operand pairs available to the ALU as i.e., add, subtract, AND, OR, etc. In the arithmetic mode, the 
selected by the lo, I7, and Io instruction inputs. The ALU can carry will affect the function performed while in the logic 
perform eight functions; five logic and three arithmetic. The mode, the carry will have no bearing on the ALU output. 
13, |g, and Is instruction inputs control this function selection. Figure 6 defines the various logic operations that the Am2901 
The carry input, Cp, also affects the ALU results when in the can perform and Figure 7 shows the arithmetic functions of 
arithmetic mode. The Cp input has no effect in the logic mode. the device. Both carry-in LOW (Cy, = 0) and carry-in HIGH 
When lg through Ig and Cr are viewed together, the matrix of (Cy = 1) are defined in these operations. 
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Fiure 6. ALU Logic Mode Functions. Figure 7. ALU Arithmetic Mode Functions. 
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LOGIC FUNCTIONS FOR G, P, Cyh+4, AND OVR 


The four signals G, P, Cn +4, and OVR are designed to indicate 
carry and overflow conditions when the Am2901 is in the add 
or subtract mode. The table below indicates the logic equations 
for these four signals for each of the eight ALU functions. The 
R and § inputs are the two inputs selected according to 


Figure 2. 





Notes: 1. 


on 











P3P2P4Po 


Definitions (+ = 
Po = Ro + So 
P,; = Ry +S 
P2 = Ro + S2 
P3 = R3 + $3 


OR) 


Go = RoSo 
G, = R15, 
G2 = R2S2 
G3 = R383 


C4 = G3 + P3G2 + P3P2Gq + P3P2P1Go + P3P2Py PCy 
Cz = G2 + P2G1 + P2PyGo + P2P1PoCh 








Gg + G2 + Gi + Go 








Amz2901 
Order Number 


AM2901PC 


AM2901DC 
AM2901DC-B 


= Molded DIP, D = 


specified. 





sd aes Gg + P3 


Am2901A 
Order Number 


AM2901APC 
AM2901ADC 
AM2901ADC-B 
AM2301ADM 
AM2901ADN-B 
AM2901AFM 
AM2901AFM-B 


AM2901AXC 
AM2901AXM 





G3 + Go+G,+Gg+Cpy 


P3P5P4P9 +Cry 





G3 + P3Go + P3PoG, 
Go + P3P2G1 + PgPoP4Po P5P9P;Pp (Go + Ga) 
). n 


+GG1 Po +GoGy GoCp] ¥ [P3 + GgP2+ G3 GoP) +G3GoG1 Pp +G3G2Gy GgCy] 


Figure 8. 


ORDERING INFORMATION 


Am2901B 
Order Number 


AM2901BPC 
AM2901BDC 
AM2901BDC-B 
AM2901BDM 
AM2901BDM-B 
AM2901BFM 
AM2901BFM-B 


AM2901BXC 
AM2901BXM 


Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B fodetailed 


aie Where Appendix B contains several dash numbers, any of the variations of the package may be used unless therwise 


Package Type 
(Note 1) 


P-40 
D-40 
D-40 
D-40 
D-40 
F-42 
F-42 


Dice 
Dice 


<¢——_—_______— Same as R AS equations, but substitute Rj for Rj in definitions 


Same as RV S, but substitute Rj for Rj in definitions 


Order the part number according to the table below to obtain the desired package, temperature range, and scriening level. 


Operating Range 
(Note 2) 


ZO S222000 


. C = 0° to +70°C, Voc = 4.75V to 5.25V, M = — 55°C to +125°C, Voc = 4.50V to 5.50V. 

. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms MIL- 
STD-883, Class B. 
. 96 hour burn-in. 





PatoP, Po +Cnh 












G3 + Got G7 + Go + Cy 




















Seenote 




















+=OR 


Screening Leve 
(Mote 3) 


C-1 
C-1 
B-2 (Note 4) 
C-3 
B-3 
C-3 
B-3 
Visual inspection 
to MIl.-STD-883 
Method 2010B. 





Figure 9. 
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METALLIZATION AND PAD LAYOUT 











Am2901B 
DIE SIZE 0.117" X 0.128” 


PIN DEFINITIONS 


Ao-3 


The four address inputs to the register stack used to 
select one register whose contents are displayed through 
the A-port. 


The four address inputs to the register stack used to 
select one register whose contents are displayed through 
the B-port and into which new data can be written when 
the clock goes LOW. 


The nine instruction control lines. Used to determine what 
data sources will be applied to the ALU (I912), what func- 
tion the ALU will perform (l345), and what data is to be 
deposited in the Q-register or the register stack (lg7g). 


A shift line at the MSB of the Q register (Q3) and the 
register stack (RAM3). Electrically these lines are three- 
state outputs connected to TTL inputs internal to the 
device. When the destination code on Ig7g indicates an up 
shift (octal 6 or 7) the three-state outputs are enabled and 
the MSB of the Q register is available on the Q3 pin and 
the MSB of the ALU output is available on the RAMg pin. 
Otherwise, the three-state outputs are OFF (high-imped- 
ance) and the pins are electrically LS-TTL inputs. When 
the destination code calls for a down shift, the pins are 
used as the data inputs to the MSB of the Q register (octal 
4) and RAM (octal 4 or 5). 


Shift lines like Q3; and RAMs, but at the LSB of the 
Q-register and RAM. These pins are tied to the Q3 and 
RAMz pins of the adjacent device to transfer data be- 
tween devices for up and down shifts of the Q register and 
ALU data. 


- Direct data inputs. A four-bit data field which may be 


selected as one of the ALU data sources for entering data 
into the device. Dy is the LSB. 


CONNECTION DIAGRAM 
Top View 


Figure 10. 
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Note: Pin 1 is marked for orientation. 
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FLAT PACK CONNECTIONS 
Top View 
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The four data outputs. These are three-state output lines. 
When enabled, they display either the four outputs of the 
ALU or the data on the A-port of the register stack, as 
determined by the destination code l¢7¢- 


Output Enable. When OE is HIGH, the Y outputs are OFF; 
when. OE is LOW, the Y outputs are active (HIGH or 
LOW). 


The carry generate and propagate outputs of the internal 
ALU. These signals are used with the Am2902 for carry- 
lookahead. 


Overflow. This pin is logically the Exclusive-OR of the 
carry-in and carry-out of the MSB of the ALU. At the most 
significant end of the word, this pin indicates that the 
result of an arithmetic two’s complement operation has 
overflowed into the sign-bit. 


This is an open collector output which goes HIGH (OFF) if 
the data on the four ALU outputs Fo.3 are all LOW. In 
positive logic, itindicates the result of an ALU operation is 
zero. 


The most significant ALU output bit. 
The carry-in to the internal ALU. 
The carry-out of the internal ALU. 


The clock input. The Q register and register stack outputs 


change on the clock LOW-to-HIGH transition. The clock 
LOW time is internally the write enable to the 16 x 4 RAM 
which compromises the “master” latches of the register 
stack. While the clock is LOW, the “slave” latches on the 
RAM outputs are closed, storing the data previously on 


the RAM outputs. This allows synchronous master-slave 


operation of the register stack. 
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MAXiMUM RATINGS (Above which the useful life may be impaired) 























Storage Temperature - —65°C to +150°C 
Temperature (Ambient) Under Bias _—55°C to +125°C 
Supply Voltage to Ground Potential ce - : : ; —0.5Vto+7.0V 
DC Voltage Applied to Outputs for HIGH Output State ; —0.5 V to +V¢c max. 
DC Input Voltage So te - _-0.5 V to +5.5 V 
DC Output Current, Into Outputs : 30 mA 





DC Input Current 


—30 mA to +5.0 mA 


OPERATING RANGE 


Part Number 


Suffix Voc 


4.75V to 5.25V 


Temperature 


Ta = 0°C to +70°C 





4.50V to 5.50V 


To = —55°C to +125°C 





Notes on Testing 


Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power levels 
of the part. The following notes may be useful. 


1. 


Insure the partis adequately decoupled at the test head. Large 
changes in Vcc current as the device switches may cause 
erroneous function failures due to Vcc changes. 


. Do not leave inputs floating during any tests, as they may start 


to oscillate at high frequency. 


. Do not attempt to perform threshold tests at high speed. 


Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground cable 
may allow the ground pin at the device to rise by 100’s of 
millivolts momentarily. 


4. Use extreme care in defining input levels for AC tests. Many 


inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach V;,_ or 
Vin until the noise has settled. AMD recommends using Vi, <= 
0.4V and Vi, = 2.4V for AC tests. 


. To simplify failure analysis, programs should be designed to 


perform DC, Function, and AC tests as three distinct groups of 
tests. 


. To assist in testing, AMD offers complete documentation on 


our test procedures and, in most cases, can provide Fairchild 
Sentry programs, under license. 
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ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 
(Group A, Subgroups 1, 2, and 3) 


Typ. 
(Note 2) 


Parameters Description Test Conditions (Note 1) Min. Max. Units 





Output HIGH Voltage 


Vec = MIN. 
VIN = Vin OF Vin 


IOH = —1.6mMA 

Yo. ¥1,Y2,%3 

{QOH = —1.0MA, Cy+4 
lon = —800KA, OVR, P 
IOH = —600uA, F3 
IQH = —600nA 
RAM, 3, Fo, 3 
loH = —1.6mA, G 





























Output Leakage Current 
for F = 0 Output 


Vec = MIN., Von = 5.5V 
VIN = ViH oF VIL 






















Output LOW Voltage 













Y 
Vec=MIN., | YO ¥1/¥2.¥3 





lot = 20mA (COM'L) 
lot = 16mA (MIL) 








Vin = VI 


lo. = 16mA 





or VIL 





OVR,P 







lot = 10mMA 
lot = 8.0mA 












Fa, RAMo, 3, 
Qo, 3 








lot = 6.0mA 





Input HIGH Level 


Guaranteed input logical HIGH 
voltage for all inputs (Note 7) 





Input LOW Level 


Guaranteed input logical LOW 
voltage for all inputs (Note 7) 








Input Clamp Voltage 

































































































































































































Voc = MIN., tin = —18mMA 
Clock, OE 
: Ao, A1, A2, A3 
Bo, B1, B2, B3 
Nee Input LOW Current Vec = MAX., Vin = 0.5V Do, D1, D2, 03 
lo. '1, la, 16, Ig 
13, 14, 5.17 
RAMo, 3, Qo, 3 (Note 4) 
Cn 
Clock, OE 
Ao. A1, A2, A3 
Bo, Bi, B2, Bg 
NH Input HIGH Current Voc = MAX., Vin = 2.7V PoyB 102003 
to. 1, 12, Ie, Ig 
13, '4, 15,17 
RAMg, 3, Qo, 3 (Note 4) 
Ch 
ty Input HIGH Current Vcc = MAX., Vin = 5.5V 
Yo. Y1, Vo =2.4V 
Y2,Y3 Vo = 0.5V 
10ZH Off State (High impedance) Veco = MAX, Vo =2.4V 
loz. Output Current RAMo, 3 (Note 4) 
Qo, 3 Vo = 0.5V 
(Note 4) 
Yo. ¥1,Y2,Y3,G 
los Output Short Circuit Current | Vac = MAX, + 0.5V, Vo = 0.5V Cn+4 a= 
cc DEE One OVR, P —30 
(Note 3) 
| F3 —30 
x RAMo, 3: Qo, 3 
COM'L and MIL TA= 25°C 
COM'L Oni Ta = 0°C to +70°C 
n 
icc Power Supply Current Vec = MAX. y Ta =+70°C 
(Note 6) (See Fig. 11) Tc = —55°C to 
: MIL. Only +125°C 
Tc = 4125°C 
Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. ; 
3.:-Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. These are three-state outputs internally connected to TTL inputs. Input characterlstics are measured with Ig7g in a state such that the three- 
state output is OFF. 
5. “MIL” = Am2901XM, DM, FM. “COM’L” = Am2901XC, PC, DC. 
6. Worst case lec is at minimum temperature. 
7. These Input levels provide zero noise immunity and should only be tested in a static, noise-free environment. 
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|. Am2901B Guaranteed Commercial 

Range Performance 
The tables below specify the guaranteed performance of the 
Am2901B over the commercial operating range of 0°C to +70°C, 
with Vcc from 4.75V to 5.25V. All data are in ns, with inputs 
switching between OV and 3V at 1V/ns and measurements made 
at 1.5V. All outputs have maximum DC load. 


This data applies to the following part numbers: Am2901BPC 
Am2901BDC 


A. Cycle Time and Clock Characteristics. 


Read-Modify-Write Cycle (from selection of A, B registers 
to end of cycle.) 


Maximum Clock Frequency to shift Q (50% duty cycle, 46MHz 


| = 432 or 632) 


Minimum Clock LOW Time 
Minimum Clock HIGH Time 


Minimum Clock Period 
























B. Combinational Propagation Delays. 





























C, = 50pF 

[to Output 

From Input Y 

A, B Address 60 

Be: 38 

a 2x eee ae 

1012 > “50 “| 47, 

1345 7 51 

‘678 28 

nea A | 








Clock 4 49 





C. Set-up and Hold Times Relative to Clock (CP) Input. 


CP: 


Set-up Time 
Before H> L 


A, B Source Address 





B Destination 
Address 


D 





Do Not Change 





Cn 

1012 
1345 
1678 











Hold Time Set-up Time Hold Time 


Before L > H After L— H 


























RAMO, 3, QO, 3 





16 





D. Output Enable/Disable Times. 
Output disable tests performed with C, = 5pF and 
measured to 0.5V change of output voltage level. 


Enabie Disable 





35 25 





Output 
Y 


Notes: 1. A dash indicates a propagation delay path or set-up time constraint does not exist. 
2. Certain signals must be stable during the entire clock LOW time to avoid erroneous operation. This is indicated by the phrase “do not change”. 
3. Source addresses must be stable prior to the clock H — L transition to allow time to access the source data before the latches close. The A 
address may then be changed. The B address could be changed if itis not a destination; i.e. if data is not being written back into the RAM. Normally 


A and B are not changed during the clock LOW time. 


4. The set-up time prior to the clock L — H transition is to allow time for data to be accessed, passed through the ALU, and returned to the RAM. It 
includes all the time from stable A and B addresses to the clock L—> H transition, regardiess of when the clock H— L transition occurs. 
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li. Am2901B Guaranteed Military A. Cycle Time and Clock Characteristics. 
Range Performance Read-Modify-Write Cycle (from selection of A, B registers 

The tables below specify the guaranteed performance of the to end of cycle. 

Am2901B over the military operating range of —55°C to +125°C, 


: ‘ eset ; ; Maximum Clock Frequency to shift Q (50% duty cycle, 
with Voc from 4.5V to 5.5V. All data are in ns, with inputs switch- | = 432 or 632) ( ee 


ing between OV and 3V at 1V/ns and measurements made at 
1.5V. All outputs have maximum DC load. 





Minimum Clock LOW Time 


This data applies to the following part numbers: Am2901BDM Minimum Clock HIGH Time 
Am2901BFM Minimum Clock Period 














B. Combinational Propagation Delays. 
CL = 50pF 


A, B Address 























1012 
1345 
1678 


A Bypass ALU 
(I = 2XX) 


Clock 4 




















CP: 

Set-up Time Hoid Time Set-up Time Hoid Time 

Before H > L After H > L Before L—> H After L-> H 
A, B Source Address 0 (Note 3) 88 (Note 4) 


B Destination ’ 
Address 





Do Not Change 








Cn 

1012 

1345 

1678 Do Not Change 
RAMOQ, 3, QO, 3 

















D. Output Enable/Disable Times. 
Output disable tests performed with C_ = SpF and 
measured to 0.5V change of output voltage level. 


Input Output Enable Disable 
Y 40 25 


Notes: 1. A dash indicates a propagation delay path or set-up time constraint does not exist. 
2. Certain signals must be stable during the entire clock LOW time to avoid erroneous operation. This is indicated by the phrase “do not change”. 
3. Source addresses must be stable prior to the clock H > L transition to allow time to access the source data before the latches close. The A 
address may then be changed. The B address could be changed if itis not a destination; i.e. if data is not being written back into the RAM. Normally 
A and B are not changed during the clock LOW time. 
4. The set-up time prior to the clock L > H transition is to allow time for data to be accessed, passed through the ALU, and returned to the RAM. It 
includes all the time from stable A and B addresses to the clock L— H transition, regardless of when the clock H—> L transition occurs. 
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ill. Am2901A Guaranteed Commercial Range Performance 


The Am2901B meets or exceeds ail of the specifications for the earlier Am2901A. 
Parts may still be ordered and marked as Am2901A. 


IV. Am2901A Guaranteed Military Range Performance 


The Am2901B meets or exceeds all of the specifications for the earlier Am2901A. 
Parts may still be ordered and marked as Am2901A. 


V. Am2901 Guaranteed Commercial Range Performance 


The Am2901B meets or exceeds all of the specifications of the Am2901. 
Parts may still be ordered and marked as Am2901. 
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MINIMUM CYCLE TIME CALCULATIONS FOR 16-BIT SYSTEMS 


Speeds used in calculations for parts other than Am2901B are 
representative for available MSI parts. 


@ SEQUENCER 
Am2910 


MICROPROGRAM 
® MEMORY 







® 


REGISTER 


















STATUS 


A. 8, 1,C, REGISTER 


Am2901A 


DATA 
REGISTER 


MPR-010 


Pipelined System. Add without Simultaneous Shift. 





DATA LOOP CONTROL LOOP 
@ Register Clock to Output 15 (1) Register | Clock to Output 
+ @) 2901B A, B to G, P 50 + (6) MUX Select to Output 
+ @) 2902 Go, Po to Cyiz 10 + @) 2910 CC to Output 
+ 4) 29018 Cy to Ch44,OVR, F3,F =0,Y 37 + @) PROM Access Time 
+ (©) Register Set-up Time 5 + ) Register Set-up Time 
117ns 


Minimum clock period = 140ns 


Figure 12. 
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MINIMUM CYCLE TIME CALCULATIONS FOR 16-BIT SYSTEMS (Cont.) 


Speeds used in calculations for parts other than Am2901B are 
representative for available MSI parts. 





MUX @ SEQUENCER 
Am2910 
MICROPROGRAM rcs 
MEMORY 


@ 
REGISTER 


=) 








LsB © 


RAMg ® RAM |=—_- —— —- —— ——- —— 






A,B. Cy 





Am2901A 









STATUS 
REGISTER 





cLock 
MPR-011 


Pipelined System. Simultaneous Add and Shift Down. 


DATA LOOP CONTROL LOOP 








(1) Register Clock to Output 15 G) Register Clock to Output 15 
+ @) 2901B A,BtoG,P 50 + ©) MUX Select to Output 20 
+ @) 2902 GoPo to Cas, 10 + J 2910 CC to Output. 45 
+ (4) 2901B Cyto F3,OVR 29 + (8) PROM Access Time 55 
+ () XOR and MUX 21 + (Register Set-up Time 5 
+ © 29018 RAM; Set-up 16 140ns 
141ns 


Minimum clock period = 141ns 


Figure 12 (Cont). 
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PNP 


ORIVEN INPUT DRIVEN INPUT DRIVEN INPUT 





Qo, 3 RAMg, 3 16k 





MPR-013 


Cc,» 5.0pF, all inputs 





502 NOM 502 NOM 


'OH ‘OH 


Qo, 3 RAMo, 4 


u 
oO 


Y OUTPUTS 





MPR-014 


Co ¥ 5.0pF, all outputs 


Figure 13. Input/Output Current Interface Conditions. 








Am2901 « 2901A * Am2901B 





- 








Voc 
1k 7 ho | 6 16 
0.1 RF 
1 Po P 


MR CEP CET Pop P 





Am9316 = 


CLOCK 


14 13 12 11 


Am2901 





Veco =5.0V 
Frequency = 100KHz 
Ta = 125°C 


This circuit conforms to MIL-STD-883, method 1015, condition D. 


Figure 14. Life Test and Burn-in Circuit for Military Class B Parts. 
(Contact Factory for Commercial Burn-in Conditions) 





560 


470 


680 


680 


MPR-015 
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USING THE Am2901 





BASIC SYSTEM ARCHITECTURE 


The Am2901 is designed to be used in microprogrammed 
systems. Figure 15 illustrates such an architecture. The nine 
instruction lines, the A and B addresses, and the D data 
inputs normally will all come from registers clocked at the 
same time as the Am2901. The register inputs come from a 
ROM or PROM — the “microprogram store’. This memory 
contains sequences of microinstructions, typically 28 to 40 
bits wide, which apply the proper control signals to the 
Am2901's and other circuits to execute the desired operation. 


The address lines of the microprogram store are driven from 
the Am2910 microprogram sequencer. This device has facilities 
for storing an address, incrementing an address, jumping to any 
address, and linking subroutines. The Am2910 is controlled by 
some of the bits coming from the microprogram store. Essen- 
tially these bits are the ‘‘next instruction’ control. 


Note that with the microprogram register in-between the micro- 
program memory store and the Am2901's, an instruction 
accessed on one cycle is executed on the next cycle. As one 
instruction is executed, the next instruction is being read from 
microprogram memory. In this configuration, system speed is 
improved because the execution time in the Am2901's accurs 
in parallel with the access time of the microprogram store. 
Without the “pipeline register’, these two functions must 
occur serially. 


EXPANSION OF THE Am2901 


The Am2901 is a four-bit CPU slice. Any number of Am2901's 
can be interconnected to form CPU’s of 12, 16, 24, 36 or 
more bits, in four-bit increments. Figure 16 illustrates the 
interconnection of three Am2901’s to form a 12-bit CPU, 
using ripple carry. Figure 17 illustrates a 16-bit CPU using carry 
lookahead, and Figure 18 is the general carry lookahead 
scheme for long words. 


With the exception of the carry interconnection, all expansion 
schemes are the same. Refer to Figure 16. The Q3 and RAM3 
pins are bidirectional left/right shift lines at the MSB of the 
device. For all devices except the most significant, these lines 
are connected to the Qo and RAMg pins of the adjacent more 









Qy 1/0 
RAMg 1/0 






Am2901 





CARRY IN 


OUTPUT 





Am2901 


significant device. These connections allow the O-registers of 
all Am2901’s to be shifted left or right as a contiguous n-bit 
register, and also allow the ALU output data to be shifted left 
or right as a contiguous n-bit word prior to storage in the RAM. 
At the LSB and MSB of the CPU, the shift pins should be 
connected to three-state multiplexers which can be controlled 
by the microcode to select the appropriate input signals to the 
shift inputs. (See Figure 19) 


The open collector F = 0 outputs of all the Am2901’s are 
connected together and to a pull-up resistor. This line will go 
HIGH if and only if the output of the ALU contains all zeroes. 
Most systems will use this line as the Z (zero) bit of the 
processor status word. 


The overflow and F3 pins are generally used only at the most 
significant end of the array, and are meaningful only when 
two’s complement signed arithmetic is used. The overflow pin 
is the Exclusive-OR of the carry-in and carry-out of the sign 
bit (MSB). {t will go HIGH when the result of an arithmetic 





START 
ADDRESS 


Jt 


DATAIN 


Cp REGISTER 






Am291U 
MiCROPROGRAM 
SEQUENCER c, 





























ie} 
73 


ADDRESS 


MICROPROGRAM 
STORE ee Bae 
OUT 





28-40 BITS 


REGISTER 





(ROM/PROM) 








oa GONLROL © 











—CSJUMPADDRESS out 
Xv 
TO OTHER 
DEVICES 





MPR-016 





Figure 15. Microprogrammed Architecture Around Am2901's. 





Q4, 0 
RAM, 1/0 






RAM 





Am2901 





CHa 





N2Z2<0 








CONTROL 














MPR-017 


Figure 16. Three Am2901's used to Construct 12-Bit CPU with Ripple Carry. Corresponding A, B, and 
| Pins on all Devices are Connected Together. 


2-17 


Am2901 « 2901A * Am2901B 


operation is a number requiring more bits than are available, Carry interconnections between devices may use either ripple 
causing the sign bit to be erroneous. This is the overflow (V) carry or carry lookahead. For ripple carry, the carry-out 
bit of the processor status word. The F3 pin is the MSB of the (Cy+4) of each device is connected to the carry-in (Cy) of the 
ALU output. It is the sign of the result in two’s complement —_ next more significant device. Carry lookahead uses the Am2902 
notation, and should be used as the Negative (N) bit of the — iggkahead carry generator. The scheme is identical to that used 
processor status word. with the 74181/74182. Users unfamiliar with this technique 
The carry-out from the most significant Am2901 (Cy+4 pin) is should refer to AMD’s application note on Arithmetic Logic 
the carry-out from the array, and is used as the carry (C) bit of Units. Figures 17 and 18 illustrate single and multiple level 
the processor status word. lookahead. 


Qp 1/0 
RAMg I/O 


Am2901 Am2901 Am2901 
n 


CARRY-IN 


Am2902 


Coty 


MPR-018 








Cin C4 Cg 
G Pj [ce 





2 (© O © (>) © 
G2 P2 











Gy Py Gp Pg Gq Po 





Gy Py G2 Pg 









Am 2902 







Am 2902 Am 2902 










Cc, c 


nty 








ToCy ToCg ToCi2 


To Cog 





ToCoq ToCog 





ToCgg To C4 





Gy Py 





G2 Pg 







Am 2902 





: MPR-019 


Figure 18. Carry Lookahead Scheme for 48-Bit CPU Using 12 Am2901s. The Carry-Out Flag (Cqg) Should 
be Taken From the Lower Am2902 Rather Than the Right-Most Am2901 for Higher Speed. 
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Am25LS253 
DUAL 4-INPUT 





MULTIPLEXER 





Figure 19. Three-State Multiplexers Used on Shift 1/O Lines. 


SHIFT I/O LINES AT THE END OF THE ARRAY 


The Q-register and RAM left/right shift data transfers occur 
between devices over bidirectional lines. At the ends of the 
array, three-state multiplexers are used to select what the new 
inputs to the registers should be during shifting. The Am2904 
includes these multiplexers in a single LSI chip. Figure 19 
shows two Am25L§253 dua! four-input multiplexers connected 
to provide four shift modes. Instruction bit I7 (from the 
Am2901) is used to select whether the left-shift multiplexer or 
the right-shift multiplexer is active. The four shift modes in 
this example are: 


A LOW is shifted into the MSB of the RAM ona 
down shift. tf the Q-register is also shifted, then a 
LOW is deposited in the Q-register MSB. If the 
RAM or both registers are shifted up, LOWs are 
placed in the LSBs. 


Zero 





Am2901 
ARRAY 
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——_ iv g bu 4 
wma)” Be 
pe fh 
DOWN ei 
SHIFT Ess H 
ay <33 









(SIGN BIT) 
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One Same as zero, but a HIGH level is deposited in the 
LSB or MSB. 

Rotate A single precision rotate. The RAM MSB shifts 
into the LSB on a right shift and the LSB shifts 
into the MSB on a left shift. The O-register, if 
shifted, will rotate in the same manner. 

Arithmetic A double-length Arithmetic Shift if Q is also 


shifted. On an up shift a zero is loaded into the 
Q-register LSB and the Q-register MSB is loaded 
into the RAM LSB. On a down shift, the RAM LSB 
is loaded into the Q-register MSB and the ALU 
output MSB (Fp, the sign bit) is loaded into the 
RAM MSB. (This same bit will also be in the next 
less significant RAM bit.) 


Source of New Data 





HARDWARE MULTIPLICATION 


Figure 20 illustrates the interconnections for a hardware mul- 
tiplication using the Am2901. The system shown uses two 
devices for 8 x 8 multiplication, but the expansion to more 
bits is simple — the significant connections are at the LSB 
and MSB only. 


The basic technique used is the “add and shift” algorithm. One 
clock cycle is required for each bit of the multiplier. On each 
cycle, the LSB of the multiplier is examined; if it is a ‘1’, then 


RAM» = RAMny-1 = Fry 
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Zero 
One 
Rotate 
Arithmetic 


0 


Zero 
One 
Rotate 
Arithmetic 


1 
Fo 


the multiplicand is added to the partial product to generate 
a new partial product. The partial product is then shifted one 
place toward the LSB, and the multiplier is also shifted one 
place toward the LSB. The old LSB of the multiplier is 
discarded. The cycle is then repeated on the new LSB of the 
multiplier available at Oo. 


The multiplier is in the Am2901 Q-register. The multiplicand 
is in one of the registers in the register stack, Ra. The product 
will be developed in another of the registers in the stack, Rp. 


Am2901 « 2901A « Am2901B 


The A address inputs are used to address the multiplicand in 
Ra, and the B address inputs are used to address the partial 
product in Rp. On each cycle, Rg is conditionally adaed to Rp, 
depending on the LSB of Q as read from the Qo output, and 
both Q and the ALU output are shifted down one place. The 
instruction lines to the Am2901 on every cycle will be: 


Ig76 = 4 (shift register stack input and Q register left) 
I543 = 0 (Add) 
lo19 = lor3 (select A, B or 0, B as ALU sources) 


Figure 20 shows the connections for multiplication. The 
circled numbers refer to the paragraphs below. 


1. The adjacent pins of the Q-register and RAM shifters are 
connected together so that the Q-registers of both (or all) 
Am2901s shift left or right as a unit. Similarly, the entire 
eight-bit (or more) ALU output can be shifted as a unit 
prior to storage in the register stack. 


















Am2301 Am2901 


MPR-021 | 


Figure 20. Interconnection for Dedicated Multiplication 
(8 by 8 Bit) (Corresponding A, B and | Connected Together). 


2. The shift output at the LSB of the Q-register determines 
whether the ALU source operands will be A and B (add 
multiplicand to partial product) or 0 and B (add nothing to 
partial product. Instruction bit I; can select between A, B 
or 0, B as the source operands; it can be driven directly 
from the complement of the LSB of the multiplier. 


3. As the new partial product appears at the input to the 
register stack, it is shifted left by the RAM shifter. The new 
LSB of the partial product, which is complete and will not 
be affected by future operations, is available on the RAMo 
pin. This signal is returned to the MSB of the Q-register. On 
each cycle then, the just-completed LSB of the product is 
deposited in the MSB of the Q-register; the Q-register fills 
with the least significant half of the product. 


4. As the ALU output is shifted down on each cycle, the sign 
bit of the new partial product should be inserted in the 
RAM MSB shift input. The F3 flag will be the correct 
sign of the partial product unless overflow has occurred. If 
overflow occurs during an addition or subtraction, the OVR 
flag will go HIGH and Fa is not the sign of the result. The 
sign of the result must then be the complement of F3. The 
correct sign bit to shift into the MSB of the partial product 
is therefore F3 © OVR; that is, F3 if overflow has not 
occurred and F3 if overflow has occurred. On the last cycle, 
when the MSB of the multiplier is examined, a conditional 
subtraction rather than addition should be performed, 
because the sign bit of the multiplier carries negative rather 
than positive arithmetic weight. 


Y ==Yj2i + ¥j4_42/-1 +... +¥920 


This scheme will produce a correct two’s complement 
product for all multiplicands and multipliers in two's 
complement notation. 


Figure 21 is a table showing the input states of the Am2901 
for each step of a signed, two’s complement multiplication. 
The Am2904 LSI chip conveniently implements the required 
shift linkages and the EX-OR function for this algorithm. 











Initial Register States 


Program 


Date 8/5/75 


Am2901 Microcode 


2’s Comp. Multiply 








Final Register States 


R 
[0] Multiplier | 
| 1] Muttipticand _| 
| 2| LSH Product | 






















Description 


Move Multiplier to Q 











OAB Clear R3 












(O0+B)/2 


; Cond. Add & Shift 
(A+B)/2 

























BeOl2 Cond. Subt. & Shift 


(B—A)/2 















X = Don’t Care S = Source 





F = Function D = Destination 


Figure 21. 
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Hardware Division 


Division, unlike multiplication, is much more difficult to 
realize. One of these difficulties can be easily understood by 
visualizing a 2n-bit Dividend (X) and an n-bit Divisor (Y). The 
Quotient (Q) can range from 1 bit (when X < Y) to 2 n bits 
(when Y = 1), discarding the attempt to divide by 0. In most of 
the divide functions, the Remainder (R) is as important to find 
as is the Quotient — there is no equivalent to it in multiplica- 
tion. Division becomes even more complicated when nega- 
‘tive numbers are represented in the 2's complement nota- 
tion. In the “everyday’’ decimal system, using Sign-and- 
Magnitude notation, dealing with negative numbers is rela- 
tively easy: The sign of the quotient is determined first and 
then a normal division is performed. Note that in this “‘nor- 
mal” division we first “‘guess” the first digit of the quotient by 
comparing the most significant part of the dividend to the 
divisor. Then verify our guess by a multiplication (no “direct’’ 
division method is known), and continue to do so for all of the 
other digits, shifting the divisor to the right one place at a 
time. 


The most straightforward division scheme (for unsigned 
numbers) is Subsequent Subtraction. The algorithm is as 
follows: Subtract divisor from dividend and increment a 
counter (initially reset to zero). Continue to do so as long as 
the Remainder is positive. When the Remainder becomes 
negative, cancel the last step; i.e., add back divisor and de- 
crement counter. The counter will contain the Quotient and 
the Remainder will be correct. The main drawback of this 
scheme is, of course, the great number of arithmetic opera- 
tions needed. Again, when dealing with signed numbers, the 
subtraction should be substituted by addition and vice versa. 


A more rapid division can be realized by calculating the 
Quotient digits instead of counting them. In this algorithm, 
the divisor is first subtracted from the most significant part of 
the dividend. If the remainder is positive, the quotient digit is 
“1” otherwise the subtraction is cancelled (by -adding the 






Figure 22. Flowchart for Non-Restering Division (Unsigned Numbers). 


SHIFT R 
> | BACK 
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divisor to the remainder) and the quotient digit will be “0”. 
Now shift the remainder one place to the right (much like you 
do in a “paper and pencil” division) and repeat until all the 
quotient digits have been calculated. This algorithm is called 
“Restoring Division”. When signed numbers are involved, 
inversion of the operations and the quotient digits will be 
necessary and correction should be performed in some 
cases. Some time is wasted in the Restoring Division be- 
cause for every “0” digit in the quotient, two arithmetic 
operations are needed. This can be saved in the “‘Non- 
Restoring Division”. 


The basis of Non-Restoring Division is the same as in Restor- 
ing Division. Consider first unsigned (positive) numbers 
only. At the beginning, the divisor is subtracted from the 
most significant part of the dividend. If the result (first re- 
mainder) is positive (or zero), the first quotient digit is ‘'1”. 
Otherwise, the quotient digit is ‘0’, but do not restore! Shift 
divisor one place to the right (or remainder to the left) and 
add if last quotient digit was ‘‘0''; otherwise subtract. Deter- 
mine quotient digit as before and continue until all quotient 
digits have been computed. The remainder will be correct if it 
is non-negative, otherwise correction is needed by a restor- 
ing operation (on the remainder only). Extreme care should 
be taken of the number of bits and the value of the divisor. 
Assuming the divisor has n bits and the dividend as 2n bits, 
the above process develops n+1 bits of the quotient. This 
will not be sufficient if the MSB of the divisor is 0” (which 
means that the divisor is a small number and more digits are 
needed in the quotient). Although this condition can be eas- 
ily detected as overflow will occur in the first subtraction, it 
can be avoided by aligning the first “1” of the divisor to the 
MSB of the dividend (by shifting the divisor left until all 
leading zeros are discarded) before performing the first sub- 
traction. Ample space should be provided for the additional 
bits of the quotient. Note that leading zeros in the dividend 
do not disturb the normal operation. The flow chart for un- 
signed non-restoring division is shown in Figure 22. 
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The unsigned division scheme can be applied to signed posi- 
tive numbers without any change. When negative numbers 
are encountered, however, changes in the algorithm are 
necessary. The straightforward method of signed division 
seems to be ‘‘Division in the first quadrant.” In that scheme, 
negative numbers are 2’s complemented to obtain positive 
numbers, remembering the changes done. The division is 
performed on positive numbers, and finally again 2’s com- 
plementing occurs wherever necessary. Figure 23 is the 
flowchart for this algorithm. 


Figure 24 is the Interconnection Diagram for both the align- 
ment procedure and the Division Algorithm. It is assumed 
that the Dividend is in Register Ry (it will be lost during the 
division and replaced by the Remainder), the Divisor is in 
Register Ry. The Quotient will be in the O register, which 
should be cleared beforehand. 


After checking the signs of the Dividend and Divisor, setting 
the flags and negating (using 23 or 24 octal as Is through Ip 
ALU control bits) when necessary, the Divisor should be 
aligned. This can be done by ORing Rx with 0 (Is_> = 33 
octal). The most significant bit is deposited in the Status 
Register, and can be shifted out by setting lg = |, = HIGH and 
l7 to the Exclusive NOR of the previous and present MSB of 
the Divisor. If these are both “0”, lz will be HIGH, and an up 
shift will occur, filling in trailing zeros. When the checked bits 
are different, Iz will go LOW, causing a down shift. At the 
same time the Y output of the Status Register is enabled the 
leftmost “0” (the sign bit) will be restored. 


The first step in the Division routine is a subtract, then 
shift the Rx and Q registers up. Ig7g will be 6 in octal while 
lo49 = 1 in octal and Is = I, = LOW. Pulling the CL bit in the 
microcode to HIGH, both I, and C,, will be HIGH and the ALU 
is performing a 2's complement subtract. The sign of the 
Remainder will be latched in the Status Register and the 
complement of it will be stored in the LSB of the QO register 
during the shift up operation, which also discards the sign bit 
of the Remainder. 


Now repeating the same operation for all of the other bits of 
the Remainder with the CL bit in the microcode LOW will 
leave the control of Iz to the (complemented) previous sign 
bit. If it was “0” (R = 0), lz and C,, will be HIGH and the ALU 
will subtract; if it was 1 (R < 0), lz and C,, will be LOW and the 
ALU wil! ADD, as required. In each up shift, the complement 
of the present sign bit will be placed at the right of the 
Quotient, again, as required. 


At the end of the division, the sign of the Remainder should 
be examined and if it is HIGH, the Divisor should be added to 
it. This can be easily inplemented (not depicted on Figure 24) 
by performing an unconditional ADD (with C, LOW), letting 
1p LOW, Ig HIGH and controlling |, by the complement of the 
sign of the Remainder, thus adding to RX either RY (if Rs = 1) 
or zero (if Rg = 0). If an alignment was performed, the 
remainder should be shifted down the same number of 
places. 


Finally, the Quotient and/or the Remainder should be 2’s 
complemented again according to the flags. 


Figure 25 is a table showing the input states of the Am2901s 
for each phase of the Alignment and Division. 
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Figure 23. Flowchart for First Quadrant Division with 
Signed Numbers. 


Am2901 + 2901A * Am2901B 

















Am2901 





Am2918 TO lz (ALU DESTINATION) 


STATUS REGISTER 


TO Ig (ALU FUNCTION) 
CL 


FROM PIPE-LINE 
REGISTER 


MPR-024 | 


Figure 24. Interconnections for Dedicated Division. 




















Initial Register Status Am2901 Microcode Final Register Status 


Remainder 


Divisor 
Quotient 


R 
[0 [ Dividend _] 
Divisor 


fa] (ieared)_| 


ieee Repeat 












“Program: 2’s Complement Division 


Date: 9/24/76 By: MLS. 





Pin Status (Octal) 





OVB 


(B—A) *2 
(B4£A)*2 
B+A or 
B+0 


x 


Align Divisor 







First Subtract & Shift 
Loop Subtract/Add & Shift 
Correct Remainder 

Shift Remainder 







awe 


k = Number of leading zeros of the Divisor 





Figure 25. Am2901 Microcode for Dedicated Division. 
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Am2901 « 2901A « Am2901B 


EXAMPLES OF SOME OTHER OPERATIONS 
1. Byte Swapping 


The PC can be read out and incremented in one cycle by 
using the Am2901 destination code 2, and addressing the 


Occasionally the two halves of a 16-bit word must be 
swapped. Do.7 is interchanged with Dg_js5. The quickest 
way to perform this operation is to rotate the word in 
RAM, shifting two bits at a time. Only four shift cycles are 
required. The same register is selected on both the A and 
B ports; the two are added together with carry-in con- 
nected to carry-out, producing a right shift of one place; 
then the ALU is shifted right one more place prior to 
storage. 


Byte Swap of Ry 
A oa B _ 0 | = 701 RAMg = RAMis5 Cin = Court 
Repeat 4 times. 


. Instruction Fetch Cycle 


Execution of a macroinstruction generally begins with an 
instruction fetch cycle. The current contents of the PC (in 
one of the registers) is the address of the macroinstruc- 
tion to be fetched, and must be read out to the memory 
address register. Then the PC is incremented to point to 
the next macroinstruction. The macroinstruction ob- 
tained from memory is then loaded into the micropro- 
gram sequencer to cause a jump to the microcode for 
executing the instruction. 


PC with both the A and B addresses. The current value of 
PC will appear on the Y outputs, and PC+1 will be re- 
turned to the register. If the PC is in register 15, then: 


A = B = 15,1 = 203, Carry-in = 1 


The PC will be on the Y outputs via the RAM A-port. On the 
clock LOW-to-HIGH transition, the program counter is in- 
cremented and the value on the Y outputs is loaded into 
the memory address register. During the following cycle, 
the memory is read and, on the next clock LOW-to-HIGH 
transition the instruction from the memory is dropped 
into the instruction register. The fetch operation requires 
only two microcycles. 


ADDITIONAL READING 
For more detailed information on applications of the 


Am2901, the following application notes are available from 


AMD. 
Publication 
Title Number 

A 16-Bit Microprogrammed Computer AM-PUB030 
An Emulation of the Am9080A AM-PUB064 
A High Performance Disc Controller AM-PUBO65 
Build a Microcomputer 

Chapter III AM-PUB073-3 

Chapter IV AM-PUB073-4 
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Am2901C 


Four-Bit Bipolar Microprocessor Slice 


ADVANCED INFORMATION 






DISTINCTIVE CHARACTERISTICS 


@ Third generation of Am2901 four-bit slice 
Internal ECL circuitry and state-of-the-art process technology 
combined to provide fastest version of popular Am2901. 


e Plug-in replacement for Am2901, Am2901A, Am2901B 
The Am2901C is a pin-for-pin replacement for earlier versions 
of the device. Only the switching speeds are changed. 









e Improved speed 
25-30% speed improvement on the critical paths versus 
the Am2901B 

















MICROPROCESSOR SLICE BLOCK DIAGRAM 










} a. © eee 0 
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DATA DATA 
out OUT 
DIRECT 
DATA IN 
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SELECTOR 
R 
R G 
CARRY IN P 


Cu+a 
F, (SIGN) 
OVERFLOW 


8-FUNCTION ALU 





F F = 0000 


OUTPUT 


A F 
ENABLE OUTPUT oe SELECTOR 


is DATA OUT 
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MPR-044 


Am2902A 


High-Speed Look-Ahead Carry Generator 








DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 


e Provides look-ahead carries across a group of four Am2901 The Am2902A is a high-speed, look-ahead carry generator 
microprocessor ALU’s which accepts up to four pairs of carry propagate and carry 
e@ Capability of multi-level look-ahead for high-speed generate signals and a carry input and provides anticipated 
arithmetic operation over large word lengths carries across four groups of binary ALU’s. The device also 
® Typical carry propagation delay of 4.5 ns has carry propagate and carry generate outputs which may be 
@ 100% reliability assurance testing in compliance with used for further levels of look-ahead. 

MIL-STD-883 


The Am2902A is generally used with the Am2901 bipolar 
microprocessor unit to provide look-ahead over word lengths 
of more than four bits. The look-ahead carry generator can be 


used with binary ALU’s in an active LOW or active HIGH input 
operand mode by reinterpreting the carry functions. The con- 
nections to and from the ALU to the look-ahead carry 
generator are identical in both cases. 


The logic equations provided at the outputs are: 


Ch+x = Go + PoCy 

Ch+y = Gy + P,Go + P, PoCr 

Ch+z = Go + PoG, + P2P4Go + P2PyPoC, 
= G3 + P3Go + P3P 2G, + P3P2P4Go 

P = P3P5P4P9 





LOGIC DIAGRAM 


n+x 








MPR-026 
CONNECTION DIAGRAM LOGIC SYMBOL 
Top View 
Veo Po Gy Cy Cnix Coty G Chez 
Py Gp Py Gg 
Am2902A 
13 LOOK-AHEAD CARRY 
GENERATOR 
n+y Cote 
Vec = Pin 16 
Note: Pin 1 is marked for orientation. MPR-027 GND = Pin8 MPRLO25 
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Am2902A 
MAXIMUM RATINGS (Above which the useful life may be impaired) 














Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential , —0.5V to +7.0V 
DC Voltage Applied to Outputs for HIGH Output State a —0.5V to +Vcec max. 
DC Input Voltage —0.5V to +5.5V 
DC Output Current, Into Outputs 30 mA 





DC Input Current —30 mA to +5.0 mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


































































Am2902AXC_ Tp = 0°C to +70°C Voc = 5.0V +5% (COM’L) MIN, = 4.75V MAX. = 5.25V 
Am2902AXM Ta= —55°C to +125°C Vcc = §.0V £10% (MIL) MIN. = 4.50V MAX, = 5.50V Typ 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 
= = MIL 3.4 
Output HIGH Voltage Voc = MIN., |OH Amie ; MIL 
VIN = VIH OF VIL COM 3.4 
Vec =MIN., lop = 20mMA 
Vv Output LOW Voitage 
Guaranteed input logical HIGH 
Input HIGH Level voltage for all inputs 
Input LOW Level Guaranteed input logical LOW 
voltage for all inputs 
Input Clamp Voltage Vec = MIN., lin = —18MA 
ee eee 
a re 
tnput LOW Current Vec = MAX., Vin = 0.5V = == 
: Po, P4, G3 
Go, G2 
Gy ii sal 
a 
rece eee 
Input HIGH Current Vcc = MAX., Vin = 2.7V = a 
PoPG3 | 
GoGo | 
G 
Pn | Input HIGH Current Vcc = MAX., Vin = 5.5V 
Output Short Circuit = 
Vcc = MAX. ee 69 
; , All Outputs LOW COM'L 69 
Power Supply Current 
Vcc = MAX. MIL 35 
All Ouputs HIGH COM'L ar: 


Notes: 1. For conditions shown as MIN, or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time, Duration of the short circuit test should not exceed one second. 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Voc = 5.0V) 


Parameters Description Min. Typ. Max. Units Test Conditions 














Am2902A 


SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Ta = 0°C to +70°C 
Vcc = 5.0V +5% 











Parameters Description Test Conditions 









Cp to Coty, Cr+y, OF Ch+z 

















Pj or G; to Cpe Cae yiOr Onis 


























DEFINITION OF FUNCTIONAL TERMS G;, P; Generate and propagate inputs respectively (i = 0, 1, 2, 
3). The carry generate and carry propagate inputs from the n, 


C,, Carry-in. The carry-in input to the look-ahead generator. Also n+1, n+2 and n+3 microprocessor ALU slices. 


the carry-in input to the nth Am2901A microprocessor ALU input. 


C,+4j; Carry-out. (j = x, y, Z). The carry-out output to be used at G, P Generate and propagate outputs respectively. The carry 
the carry-in inputs of the n+1,n+2 andn+3 microprocessor ALU generate and carry propagate outputs that can be used with the 
slices. next higher level of carry look-ahead if used. 





Metallization and Pad Layout 


Outputs 
































x 
mixxx ceoeoKxxxr. 


rx 
Pilar s 


HIGH Voltage Level 
LOW Voltage Level 
Don’t Care 


Cc, GP, G, P, G, P, G, P,/C,,,C,,,C,,,@ P 
X H H L 
L H xX L 
xX L XxX H 2 
H XL H Gy 
X xX X HH | L 
X H HH X L 
L HX H X L 
Xx X X L X H a 
X LX XL H ‘i 
H X L XL H Go 
X X X X X HH L = 
xX X X H H H X L Po 
X H H H XH X L & 
L HX H X H X L 
Xx X X X X L X H 
HK Oe LS OK - SEL H 
X LX X LXE H ae 
H X LX LXE H : 
X X X X X H H : 
xX X X H H H H 
x H H H X H H 
H H X H X H H 
x Xx X X XL L 
x 0 Oe Sr eX L GND 
x kL X X L X L 
L X LX L L 
x x 
H X 
x H 
x x 
L L 
H 
L 
x 


DIE SIZE 0.062” X 0.067” 
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Am2902A 








APPLICATIONS 
























Am2901A Am2901A Am2901A Am2901A 


Cy Ch+4 





CARRY-IN CARRY-OUT 







Gy Py Caty 


Am2902A 






16-BIT CARRY LOOK-AHEAD CONNECTION. 
MPR-028 






Am2901 = 








CARRY-OUT 






Gy Py Cnty Gy Po Cree Gg 
Am2902A 








Wy Am2902A 





Am2902A 








32-BIT ALU, THREE LEVEL CARRY LOOK-AHEAD. 
MPR-029 








ORDERING INFORMATION 
Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 








Package Type Operating Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 

" AM2902APC P-16 Cc C-1 
AM2902ADC D-16 Cc C-1 
AM2902ADC-B D-16 Cc B-1 
AM2902ADM D-16 M C-3 
AM2902ADM-B D-16 M B-3 
AM2902AFM F-16 M C-3 
AM2902AFM-B F-16 M B-3 

: Visual inspection 
Am2902AXC Dice Cc to MIL-STD-883 
Am2902AXM Dice M Method 2010B. 








Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 
2. C = 0°C to +70°C, Voc = 4.75V to 5.25V, M = — 55°C to +125°C, Voc = 4.50V to 5.50V. 
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 
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If You Liked Our 2901, 
Yow’ll Love Our 2903! 


Plus These Added Features: 


Same Powerful 
Architecture: 


® 16 Working Registers in 2-address 
architecture 

@ Left-Right shift of Data after ALU 

e@ Auxiliary Register for multiple-length 
operations 

® Expandable to any word length in 
multiples of four bits 


® Carry, Overflow, Zero, and Negative 
Status Flags 


® Two’s Complement and Unsigned 
Multiply 

The Am2903 performs both signed 
and unsigned multiplication without 
requiring any additional hardware. 
For unsigned n x n-bit multiply, a 
single microinstruction is repeated 
n times. For a two’s complement 
multiply, a single microinstruction 
is executed n-1 times, and a second 
microinstruction is executed once. 
Both kinds of multiplies produce 
2n bit products. 


®@ Two’s Complement Divide 

The Am2903 performs a signed 
division using a non-restoring 
algorithm. A 2n bit dividend is 
divided by an n-bit divisor in n 
cycles (after justification). An n-bit 
signed quotient and n-bit signed 
remainder are produced. Extension 
to multiple length division is 


simple. No extra hardware is 
needed. 


® Single and Double Length 
Normalization 

Both single length words and 
double length words can be 
normalized; i.e., shifted up to 
remove leading zeros or ones. 
During the normalize instructions, 
the Am2903 provides special flags 
signaling the completion of 
normalization. 


@ Conversion Between Sign-Magnitude 
and Two’s Complement Notations 
On a single cycle, the Am2903 
will switch a word from one 
notation to the other. 


@ Increment by One or Two 
On a single cycle, the Am2903 can 
add either | or 2 to a word, 
depending on carry-in. 


If You Didn’t Like Our 2901, 
You’ll Love Our 2903! 


@ Two Data Input Ports 
The Am2903 can operate between 
any two internal registers, any 
internal register and an external 
data bus, or two external data 
buses. 


@ Expandable Register File 
The Am29705 hooks directly onto 
the Am2903 to provide any number 
of working registers, without losing 
the two-address architecture. You 


can even go to a three-address 
system, where on one cycle you 
operate on two registers and place 
the result in a third. 


@ Arithmetic and Logical Shifts 
Arithmetic shifts hold the MSB 
(sign bit) in place and shift the rest 
of the word around the MSB. 
Logical shifts shift all the bits in 
the word. The 2903 provides both 
types of shift. 


@ Sixteen-Function ALU 
Provides 9 Logic Functions and 7 
Arithmetic Functions, twice as 
many functions as the 2901. 


@ Parity Generated Internally 
A Parity Generator operates on the 
ALU output and is cascaded 
between devices, so that a single 
pin contains parity across the entire 
ALU output. 


And If You Don’t Quite Like Our 2903, 
You'll Definitely Love Our Am29203! 


e BCD Arithmetic 
The Am29203 includes special 
functions for BCD add and subtract, 
as well as conversion between binary 
and BCD notations. 


@ A Byte Better 
The Am29203 is designed to 
efficiently handle byte operations 
with a minimum of external logic. 
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@ Both Data Lines Bidirectional 
@ Decrement by | or 2 Instruction 


® RAM is enabled only if instruction 
execution is enabled. 


Am2903 » Am29203 


The Superslice® 







DISTINCTIVE CHARACTERISTICS 


@ Expandable Register File — 
Like the Am2901, the Am2903/29203 contains 16 internal 
working registers arranged in a two-address architecture. But 
the Am2903/29203 includes the necessary “hooks” to ex- 
pand the register file externally to any number of registers. 













@ Built-in Multiplication Logic — 
Performing multiplication with the Am2901A requires a few 
external gates — these gates are contained on-chip in the 
Am2903/29203. Three special instructions are used for un- 
signed multiplication, two’s complement multiplication and the 
last cycle of a two’s complement multiplication. 











® Built-in Division Logic — 
The Am2903/29203 contains all logic and interconnects for 
execution of a non-restoring, multiple-length division with cor- 
rection of the quotient. 






@ Built-in Normalization Logic — 
The Am2903/29203 can simultaneously shift the Q Register 
and count in a working register. Thus, the mantissa and ex- 
ponent of a floating-point number can be developed using a 
single microcycle per shift. Status flags indicate when the 
operation is complete. 


@ Built-in Parity Generation Circuitry — 
The Am2903/29203 can supply parity across the entire ALU 
output for use in error detection. 


® Built-in Sign Extension Circuitry — 
To facilitate operation on different length two’s complement 
numbers, the Am2903/29203 provides the capability to ex- 
tend the sign at any slice boundary. 


@ BCD Arithmetic (Am29208 only) — 
Automatic BCD add and subtract and conversion between 
binary and BCD. 


@ Improved Byte Handling (Am29203 only) — 
Zero detection and register writing can be performed on a 
single byte rather than the whole word. 


_Two Bidirectional Data Lines (Am29203 only) — 
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GENERAL DESCRIPTION 


The Am2903 is a four-bit expandable bipolar microprocessor 
slice. The Am2903 performs all functions performed by the in- 
dustry standard Am2901 and, in addition, provides a number of 
significant enhancements that are especially useful in arithme- 
tic-oriented processors. Infinitely expandable memory and 
three-port, three-address architecture are provided by the 
Arn2903. In addition to its complete arithmetic and logic instruc- 
tion set, the Am2903 provides a special set of instructions which 
facilitate the implementation of multiplication, division, normali- 
zation, and other previously time-consuming operations. The 
Am29203 is a similar device, but has additional I/O capability, 
more special instructions and will be at least 30% faster. 
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ARCHITECTURE OF THE Am2903 AND Am29203 


The Am2903/29203 is a high-performance, cascadable, four-bit 
bipolar microprocessor slice designed for use in CPUs, 
peripheral controllers, microprogrammable machines, and 
numerous other applications. The microinstruction flexibility of 
the Am2903/29203 allows the efficient emulation of almost any 
digital computing machine. The nine-bit microinstruction selects 
the ALU sources, function and destination. The Am2903/29203 
is cascadable with full lookahead or ripple carry, has 3-state 
outputs, and provides various ALU status flag outputs. Ad- 
vanced Low-Power Schottky processing is used to fabricate this 
48-pin LSI circuit. 


All data paths within the device are four bits wide. As shown in the 
block diagram, the device consists of a 16-word by 4-bit, two-port 
RAM with latches on both output ports, a high-performance ALU 
and shifter, a multi-purpose Q Register with shifter input, and a 
nine-bit instruction decoder. 


Two-Port RAM 


Any two RAM words addressed at the A and B address ports can 
be read simultaneously at the respective RAM A and B output 
ports. Identical data appear at the two output ports when the 
same address is applied to both address ports. The latches at the 
RAM output ports are transparent when the clock input, CP, is 
HIGH and they hold the RAM output data when CP is LOW. 
Under control of the OEg three-state output enable, RAM data 
can be read directly at the Am2903 DB 1/O port. On the 
Am29203, E, provides the same feature at the DA port. 


External data at the Am2903/29203 Y I/O port can be written 
directly into the RAM, or ALU shifter output data can be enabled 
onto the Y I/O port and entered into the RAM. Data is written into 
the RAM at the B address when the write enable input, WE, is 
LOW and the clock input, CP, is LOW. 


Arithmetic Logic Unit 


The Am2903 high-performance ALU can perform seven arithme- 
tic and nine logic operations on two 4-bit operands. Multiplexers 
at the ALU inputs provide the capability to select various pairs of 
ALU source operands. The E, input selects either the DA exter- 
nal data input or RAM output port A for use as one ALU operand 
and the OEg and lp inputs select RAM output port B, DB external 
data input, or the Q Register content for use as the second ALU 
operand. Also, during some ALU operations, zeroes are forced at 
the ALU operand inputs. Thus, the Am2903 ALU can operate on 
data from two external sources, from an internal and external 
source, or from two internal sources. Table | shows all possible 
pairs of ALU source operands as a function of the E,, OEp, and Io 
inputs. 


When instruction bits [4, I3, lz, ly, and Ip are LOW, the Am2903 
executes special functions. Table 4 defines these special func- 
tions and the operation which the ALU performs for each. When 
the Am2903 executes instructions other than the nine special 
functions, the ALU operation is determined by instruction bits 14, 
Iz, lo, and ly. Table 2 defines the ALU operation as a function of 
these four instruction bits. The Am29203 ALU is identical, but 
executes 16 special instructions. 


Am2903/292038s may be cascaded in either a ripple carry or 
lookahead carry fashion. When a number of Am2903/29203s 
are cascaded, each slice must be programmed to be a most 
significant slice (MSS), intermediate slice (IS), or least signifi- 
cant slice (LSS) of the array. The carry generate, G, and carry 
propagate, P, signals required for a lookahead carry scheme are 
generated by the Am2903/29203 and are available as outputs of 
the least significant and intermediate slices. 





































L RAM Output A RAM Output B 
H RAM Output A DBo-3 

X RAM Output A Q Register 

L DAg-3 RAM Output B 
H DAo-3 DBo-3 

X DAo-3 Q Register 








H = HIGH X = Don't Care 


TABLE 2. ALU FUNCTIONS 




















Special Functions 
H | F, = HIGH 

x F — S Minus R Minus 1 Plus Cp, 
F = R Minus S Minus 1 Plus Cy 
[x] F = R Plus S Plus Cy 























Xx F = S Plus Cy | 
H F = S Plus Cy, | 
Reserved Special Functions 





- -F=R Plus Cy 


| | Reserved Special Functions 
H F = R Plus Cy, 
L Reserved Special Functions 


H F; = LOW 
xX F, = Ry AND S; 





rc 





, 



































Puy ek F, = Rj EXCLUSIVE NOR §; 
H | H| X F, = Rj EXCLUSIVE OR §; 
= L |x| Fi=RiANDS; + 
ctu x F, = R, NOR S; | 
Hl clx F; = R; NAND S; 
areal F, = R; ORS; 


L = LOW 
X = LOW or HIGH 


H = HIGH i= Oto3 


The Am2903/29203 also generates a carry-out signal, C,+4, 
which is generally available as an output of each slice. Both the 
carry-in, Cy, and carry-out, C,.4, signals are active HIGH. The 
ALU generates two other status outputs. These are negative, N, 
and overflow, OVR. The N output is generally the most signifi- 
cant (sign) bit of the ALU output and can be used to determine 
positive or negative results. The OVR output indicates that the 
arithmetic operation being performed exceeds the available 
two’s complement number range. The N and OVR signals are 
available as outputs of the most significant slice. Thus, the 
multipurpose G/N and P/OVR outputs indicate G and P at the 
least significant and intermediate slices, and sign and overflow 
at the most significant slice. To some extent, the meaning of the 
Cy+4, P/OVR, and G/N signals vary with the ALU function being 
performed. Refer to Table 5 for an exact definition of these four 
signals as a function of the Am2903/29203 instruction. 
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Notes: 1. DAo.3 is input only on Am2903, but is I/O port on Am29203. 
2. On Am2903, zero logic is connected to Y, after the OEy buffer. 


ALU Shifter 


Under instruction control, the ALU shifter passes the ALU output 
(F) non-shifted, shifts it up one bit position (2F), or shifts it down 
one bit position (F/2). Both arithmetic and logical shift operations 
are possible. An arithmetic shift operation shifts data around the 
most significant (sign) bit position of the most significant slice, 
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operation, SIO3 is generally a serial shift input and SIOp a serial 
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and a logical shift operation shifts data through this bit position 
(see Figure A). SlIOg and SIO3 are bidirectional serial shift 
inputs/outputs. During a shift-up operation, SIOg is generally a 
serial shift input and SIO3 a serial shift output. During a shift-dowr. 


shift output. 
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_ Stee hs ms —--—|— a 
Most 


Least 
Significant Significant or 
Slice Intermediate Slice 


Am2903/29203 Arithmetic Shift Path 


a —_|_—}-— ce 


All 
Slice Positions 


Am2903/29203 Logical Shift Path 


Figure A. MPR-031 


To some extent, the meaning of the SIOg-and SIO3 signals is 
instruction dependent. Refer to Tables 3 and 4 for an exact 
definition of these pins. 


The ALU shifter also provides the capability to sign extend at slice 
boundaries. Under instruction control, the SIOg (sign) input can 
be extended through Yo, Y;, Y2, Y3 and propagated to the SIO3 
output. 


A cascadable, five-bit parity generator/checker is designed into 
the Am2903/29203 ALU shifter and provides ALU error detec- 
tion capability. Parity for the Fo, Fy, Fo, F3 ALU outputs and SIO3 
input is generated and, under instruction control, is made avail- 
able at the SIO, output. Refer to the Am2903/29203 applications 
section for a more detailed description of the Am2903/29203 
sign extension and parity generation/checking capability. 


The instruction inputs determine the ALU shifter operation. Table 
4 defines the special functions and the operation the ALU shifter 
performs for each. When the Am2903/29203 executes instruc- 
tions other than the special functions, the ALU shifter operation 
is determined by instruction bits Igl7igl;. Table 3 defines the ALU 
shifter operation as a function of these four bits. 


Q Register 


The Q Register is an auxiliary four-bit register which is clocked on 
the LOW-to-HIGH transition of the CP input. It is intended primar- 
ily for use in multiplication and division operations; however, it 
can also be used as an accumulator or holding register for some 














TABLE 3. ALU DESTINATION CONTROL FOR Ip OR Ij OR Ip OR Ig OR Iq = HIGH, IEN = LOW. 
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applications. The ALU output, F, can be loaded into the Q Regis- 
ter, and/or the Q Register can be selected as the source for the 
ALU S operand. The shifter at the input to the Q Register provides 
the capability to shift the Q Register contents up one bit position 
(2Q) or down one bit position (Q/2). Only logical shifts are per- 
formed. QIOg and QIO3 are bidirectional shift serial inputs/ 
outputs. During a Q Register shift-up operation, QIOp is a serial 
shift input and QIOg is a serial shift output. During a shift-down 
operation, QIO is a serial shift input and QIOp is a serial shift 
output. 


Double-length arithmetic and logical shifting capability is pro- 
vided by the Am2903/29203. The double-length shift is per- 
formed by connecting QIO; of the most significant slice to SIOg 
of the least significant slice, and executing an instruction which 
shifts both the ALU output and the Q Register. 


The Q Register and shifter are controlled by the instruction in- 
puts. Table 4 defines the Am2903/29203 special functions and 
the operations which the Q Register and shifter perform for 
each. When the Am2903/29203 executes instructions other than 
the special functions, the Q Register and shifter operation is 
controlled by instruction bits Igl7lgls. Table 3 defines the Q Reg- 
ister and shifter operation as a function of these four bits. 


Output Buffers 


The DB and Y ports are bidirectional I/O ports driven by three- 
state output buffers with external output enable controls. On the 
Am29203, the DA port is also bidirectional. The Y output buffers 
are enabled when the OEy input is LOW and are in the high 
impedance state when OEy is HIGH. The DB output buffers are 
enabled when the OEg input is LOW and the DA buffers are 
enabled when Eg is LOW. (On the Am2903 DA is input only; the 
pins are never outputs.) 


The zero, Z, pin is an open collector input/output that can be 
wire-OR’ed between slices. As an output it can be used as a zero 
detect status flag and generally indicates that the Yq.3 Pins are all 
LOW. To some extent the meaning of this signal varies with the 
instruction being performed. Refer to Table 5 for an exact defini- 
tion of this signal as a function of the Am2903 and Am29203 
instructions. On the Am29203, the Z pin will be HIGH if OEy is 
HIGH, allowing zero detection on less than the full word. 
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Parity = F3¥ Fo ¥ Fy'¥ Fo ¥ SIO3 
¥ = Exclusive OR H = HIGH 





7 's Ig | Code Function Slice | Slices} Slice | Slices | Slice | Slices | Y, | Yo Function 
bo oboe 0 Arith. F/2—*¥ Input 
a 1 Log. F/2-+Y aut «| sinput “$103 : ~ 
to oH OL 2 Avth F/2>-Y —~*| ~~ input —~| input 
tH H 3 Log. F/2-+¥ ai |i 
H LoL 4 
H t 4d 6 FY 
H HL 6 FY 
H H 4H 7 FY 
bok Ok 8 Arith. 2F+Y¥ 
to oL UW 9 Log. 2F>Y 
tc oH OL A Arith. 2F>Y 
LH oH B Log. 2F+Y 
HLL c FY 
HL 4 D FY 
Ca 





Am2903 ¢ Am29203 
TABLE 4. SPECIAL FUNCTIONS: Ip = ty = Ip = 


ALU Function 


F= $+Cy ifZ=L 
F=R+S+Cy if Z=H 
Am2903 Two's Complement F=S+Cy if Z=L 
Am29203 Muttiply F=R+S+C,y if Z=H 


Am29203 
F=S+14+C,, 


lz = lg = LOW, IEN = LOW 


Most Sig.} Other 
Slices 


Q Reg & 
Shifter 
Function 


ALU Shifter 
Function 


Special 
Function 


Log. F/2--Y 


Unsigned Muttipty (Note 1) 


Log. Q/2--+Q 


Log. F/2-+¥ 
(Note 2) 


Increment by 
One or Two 


Am2903 


Am29203 Sign/Magnitude- 


Two's Complement 


Am2903 Two's Complement 
Am29203 Multiply, Last Cycle 
Am2903 Single Length 
Am29203 Normalize 
Double Length 
AMESOS Normalize and 
Am29203 First Divide Op. 
Am2903 Two's Complement ff F=S+A+C, if Z=L 
Am29203 Divide F=S-R-1+C, ifZ=H 
bi sek. ried Am2903 sae uagpoblattlaak F=S+R+Cy if Z=L 
Am29203 


Divide, Correction 7 - 
and Remainder F=S-R-1+C, ifZ=H 


F=S+C, if Z=L 


FY 
F=§+C,, if Z=H 


(Note 3) 


F=S+C, if Z=L 
F=S-R-1+C, ifZ=H 


Log. F/2-+¥ 
(Note 2) 


F=S+C, 


F=S+Cy 


rc 


rc r r r c tam cr Ps 
= 
4 
m 





NOTES:.1. At the most significant slice only, the C,,+4 signal is internally gated to the Y3 output. L = LOW Hi-Z = High Impedance 
2. At the most significant slice only, Fz ¥ OVR is internally gated to the Y3 output. H = HIGH ¥ = Exclusive OR 
3. At the most significant slice only, S3¥F3 is generated at the Y3 output. X = Don't Care Parity = SIO3 V Fz V Fo V Fy V Fo 





Instruction Decoder 


The Instruction Decoder generates required internal control sig- 
nals as a function of the nine Instruction inputs, Ip_g; the Instruc- 
tion Enable input, IEN; the LSS input; and the WRITE/MSS 
input/output. 


The WRITE output is LOW when an instruction which writes data 
into the RAM is being executed. Refer to Tables 3 and 4 for a 
definition of the WRITE output as a function of the Am2903 
instruction inputs. 


On the Am2903, when IEN is HIGH, the WRITE output is forced 
HIGH and the Q Register and Sign Compare Flip-Flop contents 


are preserved. When IEN is LOW, the WRITE output is enabied_ 


and the Q Register and Sign Compare Flip-Flop can be written 
according to the Am2903 instruction. The Sign Compare Flip- 
Flop is an on-chip flip-flop which is used during an Am2903 divide 
operation (see Figure B). On the Am29203, JEN controls internal 
writing, but does not affect WRITE. The IEN signal can then be 
controlled separately at each chip to facilitate byte operations. 


Programming the Am2903/29203 Slice Position 


Tying the LSS input LOW programs the slice to operate as a least 
significant slice (LSS) and enables the WRITE TE output signal onto 
the WRITE/MSS bidirectional I/O pin. When LSS is tied HIGH, the 
WRITE/MSS pin becomes an input pin; tying the WRITE/MSS pin 
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HIGH programs the slice to operate as an intermediate slice (IS) 
and tying it LOW programs the slice to operate as a most signifi- 
cant slice (MSS). The W/MSS pin must be tied HIGH through a 
resistor. W/MSS and LSS should not be connected together. 
See Figure 2 of applications. 


The sign compare signal appears at the Z output of the most 
significant slice during special functions C, D and E, F. Refer 
to Table 5. 


Figure B. Sign Compare Flip-Flop. 
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TABLE 5. Am2903/29203 STATUS OUTPUTS 



















































































































































































































































































































































Z(OEy = LOW) 
(Hex) (Hex) Other | Most Sig. | intermediate | Least Sig 
Igtzigls Iglglaly !o Slices Slice Slice Slice 
0 0 Yovi¥2¥3 | Yovi¥2¥3 | YoY1Y2¥3 
RASS “GVPCy | Cni3-4¥Cnt4| PF Yovs¥ov3 | Yov1Ya¥3 | Yovi¥avs 
“x2 XK | Rj GVPC, | Cora ¥Cn¢4al P Yoviva¥3 | Yovivo¥3 | Yovrv2¥3 
ie eae MS eal FS TGvecn | Cnta¥Cn+a| PF “Yovi¥2¥a | Yovi¥2¥3 | Yovr¥2¥3_ 
res oak 40 OO GvPC, | Cha 4Cnt4!] P. YoviV2¥3 | VYovsv2¥3 | Yovrvo¥3_ 
XS “5 x |o |; G@vPcy | Cn+3 ¥Cn+4] Yov1¥2¥3 Yov1¥o’3. | YoY1¥o¥3 
SY eS Resor =F avec, [Cars¥Cnia| P | Fs | @ Yovr"o’3 | Yovs1¥2¥3 Yov1¥2¥3 
a i ae of ~TGVPCh | Cn43 ¥Cnt4| FP Yoviv2¥3 | Yovi¥2¥3 Yoviv2"3 
BX To Po py sOr YoviVo"3 Yovivov3. | Yoviv2¥3 
a or ae a an Yov1¥2¥3 | Yov1v2’3 | YoviYo¥s_ 
os cr Cs an oO 0 Yovi1¥o"3 Yov1vo’3 | Yov1Y2¥3 
Xx BX 0” VYoviva"3 | Vovive’s | Voviv2¥3 
—_ “Co xXx 0 Yov1¥2"3 Yov1YoY3 Yov1¥o"3 
; DO xX 0 “Yovs¥av3 | Yovr¥2¥3 | Yov1¥2Ys 
kK x 0” Voviva’3 | Vovivev3 | VYovivo¥s 
a FOX 0: o- “Yovs¥o¥3 | Yoviva¥3 | Yovivo¥s 
: L | RAs itz-H | AVS itz=H | OVPCn | Cn+3 ¥ Conta input ! ah Qo 
AAS, - 7-H oa ark 2-H GV PCy CH4+3 ¥ Cn+4 Input Input Qo 
See Notei | See Note 2 — hs VPCh | Cnt3 ¥Cn+4 Fg Yovi¥2v3 | Yovr¥a¥3 | Yov1¥2¥3 
¥ 3 : aie GV PCy | Cn+3 ¥Cn+4 a a ze S3 lt nee mee 
See Sa Sean GV PCy Cn+3 4% Cn+4 Input input Qo 
0 : Sj ~T See Note 3 Qo ¥ Q4 9G10203 Q9G1Q203 QpQ30203 
o..|™©})WLL a SeeNote4 | Fo ¥ Fy See Note5 | SeeNote5 | See Note 5 
BASEL | BVSEL T oyncy | Gara vn sancoms® | ea | 
BASEES [RMSE [even [coro Ove "owas | ve | 
L=LOW=0 NOTES: 1. If LSS is LOW, Go = Sq and Gy,9,3 = 0 
H = HIGH = 1 TSS is HIGH, Go,1,2,3 = 0 
Vv = OR 2. If LSS is LOW, Po = 1 and Py,2,3 = S1,2,3 
A= AND if LSS is HIGH, Pj = S; 
¥ = EXCLUSIVE OR 3. At the most significant slice, Ch44 = Q3V¥ Qe 
P = P3PoP4Po At other slices, Ch44 = GVPC, 
G = GVGoP3V GyP2P3V GoPyPoP3 4. At the most significant slice, Ch4.4 = F3¥ Fo 
Cy43 = GgVGyPoVGoP1P2VCpPpPyP2 At other slices, Ch44 = GVPC, 


5. Z = Q9Q1Q2Q3F oF 1FaF3 








Am2903 SPECIAL FUNCTIONS The Unsigned Multiply Special Function and the two Two's Com- 
plement Multiply Special Functions can be used to multiply two 
n-bit, unsigned or two's complement numbers, respectively, in 
n clock cycles. These functions utilize the conditional add and 


The Am2903 provides nine Special Functions which facilitate the 
implementation of the following operations: 


ersingle- ane Double-Length Normalization shift algorithm. During the last cycle of the two’s complement 
@ Two's Complement Division ehh, multiplication, a conditional subtraction, rather than addition, is 
e@ Unsigned and Two's Complement Multiplication performed because the sign bit of the multiplier carries negative 
@ Conversion Between Two's Complement and Sign/Magnitude weight. 

Representation 
e@ Incrementation by One or Two The Sign/Magnitude-Two’s Complement Special Function can 


be used to convert number representation systems. A number 
; aes! expressed in Sign/Magnitude representation can be converted to 
The Single-Length and Double-Length Normalization functions the Two's Complement representation, and vice-versa, in one 


Table 4 defines these Special Functions. 


can be used to adjust a single-precision or double-precision clock cycle. 
floating point number in order to bring its mantissa within a 
specified range. The Increment by One or Two Special Function can be used 


to increment an unsigned or two’s complement number by 
one or two. This is useful in 16-bit word, byte-addressable 
machines, where the word addresses are multiples of two. 


Three Special Functions which can be used to perform a two’s 
complement, non-restoring divide operation are provided by the 
Am2903. These functions provide both single- and double- 
precision divide operations and can be performed in “n” clock Refer to Am2903 applications section for a more detailed descrip- 
cycles, where “n” is the number of bits in the quotient. tion of these Special Functions. 
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PIN DEFINITIONS 


Ao_3 


Bo_3 


DAo-3 


Cr+4 


GIN 


P/OVR 





Four RAM address inputs which contain the 
address of the RAM word appearing at the 
RAM A output port. 


Four RAM address inputs which contain the address 
of the RAM word appearing at the RAM B output 
port and into which new data is. written when the 
WE input and the CP input are LOW. 


The RAM write enable input. If WE is LOW, data 
at the Y I/O port is written into the RAM when 
the CP input is LOW. When WE is HIGH, 
writing data into the RAM is inhibited. 


A. four-bit external data input which can be 
selected as one of the Am2903 ALU operand 
sources; DAg is the least significant bit. On the 
Am29203, the DA path is bidirectional, operating as 
either an ALU source operand or as an external output 
for the RAM A-port. 


A control input which, when HIGH selects DAg_3 as the 
ALU R operand, and, when LOW, selects RAM output 
A as the ALU R operand and the DAp_3 output data. 


A four-bit external data input/output. Under 
control of the OE, input, RAM output port B 
can be directly read on these lines, or input 
data on these lines can be selected as the 
ALU S operand. 


A control input which, when LOW, enables RAM 
output B onto the DBp_3 lines and, when HIGH, 
disables the RAM output B tri-state buffers. 


The carry-in input to the Am2903/29203 ALU. 


The nine instruction inputs used to select the 
Am2903/29203 operation to be performed. 


The instruction enable input which, when LOW, allows 
the Q Register_and the Sign Compare flip-flop to be 
written. When IEN is HIGH, the Q Register and Sign 
Compare flip-flop are in the hold mode. On the 
Am2903, IEN also controls WRITE. On the Am29203, 
WRITE is not affected by IEN, but internally disables 
the RAM write enable. 


This output generally indicates the carry-out of the 
Am2903/29203 ALU. Refer to Table 5 for an exact 
definition of this pin. 





A multi-purpose pin which indicates the carry 
generate, G, function at the least significant and 
intermediate slices, and generally indicates the 
sign, N, of the ALU result at the most significant 
Slice. Refer to Table 5 for an exact definition of 
this pin. 


A multi-purpose pin which indicates the carry prop- 
agate, P, function at the least significant and inter- 
mediate slices, and indicates the conventional two’s 
complement overflow, OVR, signal at the most sig- 
nificant slice. Refer to Table 5 for an exact definition 
of this pin. 





S10o, 
S10, 


QI0,, 
alo, 


LSs 





WRITE/ 


| 


= 
no 
a 


Yo-3 
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An open-collector input/output pin which, when HIGH, 
generally indicates the outputs are all LOW. For some 
Special Functions, Z is used as an input pin. Refer to 
Table 5 for an exact definition of this pin. 


Bidirectional serial shift inputs/outputs for the 
ALU shifter. During a shift-up operation, SIO, 
is an input and SIO3 an output. During a 
shift-down operation, SIO3 is an input and SIO 
is an output. Refer to Tables 3 and 4 for an exact 
definition of these pins. 


Bidirectional serial shift inputs/outputs for the Q 
shifter which operate like SIOg and SIO3. Refer 
to Tables 3 and 4 for an exact definition of 
these pins. 


An input pin which, when tied LOW, programs the 
chip to act as the least significant slice (LSS) of 
an Am2903/29203 array and enables the WRITE out- 
put onto the WRITE/MSS pin. When LSS is tied HIGH, . 
the chip is programmed to operate as either an inter- 
mediate or most significant slice and the WRITE out- 
put buffer is disabled. 


When LSS is tied LOW, the WRITE output signal 
appears at this pin; the WRITE signal is LOW 
when an instruction which writes data into 
the RAM is being executed. When LSS is tied 
HIGH, WRITE/MSS is an input pin; tying it HIGH 
programs the chip to operate as an _ inter- 
mediate slice (IS) and tying it LOW programs the 
chip to operate as the most significant slice (MSS). 


Four data inputs/outputs of the Am2903/29203. Under 
control of the OEy input, the ALU shifter output data 
can be enabled onto these lines, or these lines can be 
used as data inputs when external data is written di- 
rectly into the RAM. 


A control input which, when LOW, enables 
the ALU shifter output data onto the Yo_3 lines 
and, when HIGH, disables the Yo_3  three- 
state output buffers. 


The clock input to the Am2903/29203. The Q Register 
and Sign Compare flip-flop are clocked on the 
LOW-to-HIGH transition of the CP signal. When en- 
abled by WE, data is written in the RAM when CP is 
LOW. 
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CONNECTION DIAGRAM METALLIZATION AND PAD LAYOUT 
Top View 


LOGIC SYMBOL 


7 654 3 2 1 48 47 46 45 44 43 





Amz903 (GND) 13 


Am2903 m29203 


Am29203 




















19 20 21 22 GND 23 24 25 26 27 28 29 





15 19 18 17 16 


Vec = Pin 36 
GND = Pin 13 


DIE SIZE 0.163" X 0.197” 


Note: Pin 1 is marked Note: Pin numbers correspond 
for orientation. to DIP package. 


MPR-033 MPR-034 





Am2903 
Am9316 


MPR-582 
Voc = 5.0V 
Frequency = 100kHz 
Ta = +125°C 
All registers are 1/4 watt +5% 
This circuit conforms to MIL-STD-883, Methods 1005 and 1015, Condition D. 
One Am9316 Can Drive Maximum of Five Am2903s. 


Am2903 Burn-in and Life Test Circuit 
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OPERATING RANGES over which DC, switching, and functional specifications apply) 


Part Number 
Suffix 


Range 


Temperature Vcc Vin 








Ta = 0 to 70°C 4.75 to 5.25V 





Vit 











4.50 to 5.50V 


To = —55 to +125°C 





ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be 


Storage Temperature 








impaired) 
—65 to +150°C 





Temperature (Ambient) Under Bias 


—55 to +125°C 





Supply Voltage to Ground Potential Continuous 


—0.5 to +7.0V 





DC Voltage Applied to Outputs for High Output State 


—0.5 to +Vcc max. 





DC Input Voltage 


—0.5 to +5.5V 





DC Output Current, Into Outputs 


30mA 





DC Input Current 
es 


—30 to +5.0mA 


ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Notes: 1. 





Am29203 Am2903 
Order Order Package Type Operating Range Screening Level 

Number Number (Note 1) (Note 2) (Note 3) 
AM29203DC AM2903DC 0-48 C C-1 
AM29203DC-B AM2903DC-B D-48 Cc B-2 (Note 4) 
AM29203DM AM2903DM D-48 M C-3 
AM29203DMB AM2903DM-B D-48 M B-3 
AM29203FM AM2903FM F-48 M C-3 
AM29203FMB AM2903FM-B F-48 M B-3 
Am29203XC Am2903XC Dice Cc wiedabinepectan 
Am29203XM Am2903XM Dice M | clades iatteties 





2. C = 0°C to +70°C, Veco = 4.75V to 5.25V, M = — 55°C to +125°C, Voc = 4.50V to 5.50V. 


3. 


4. 


96 hour burn-in. 
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Method 2010B. 





P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 


See Appendix A for details of screening: Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 
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DC CHARACTERISTICS OVER OPERATING RANGE 


Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note2) Max. Units 










lon = —1.6mA 
Yo-Y3. G/N 








Vou Output HIGH Voltage Voc = MIN. 


2.4 
lou = ~—800pnA 
VIN = Vin or Vin DBo.3. P/OVR 2.4 Volts 
$109, SIO3, QIOp, QIO3, ; 
[ | WRITE, Cyi4 
| Output Leakage Current | Voc = MIN., Voy = 5.5V A 
CEX for Z Output (Note 4) Vin = Vie Or Vip . 
Yo. Y1, Y2 lo, = 20mA (COM'L) 
Y3,2 lo, = 16mA (MIL) 


DBo, DBy, | for = 12mA (COM'L) ae 























Volts 


DBz, DB lo, = 8.0mA (MIL 
ve Output LOW Voltage Voc = MIN. ee ore 


Vin = Vin = or Vir G/N lo, = 18mA 

















































































Cy+4, SIO9 
SIOz, QIOg | lo. = 8.0mA 
QIO3, WRITE = 
Guaranteed input logical HIGH 
| Vin Hl Input HIGH Level voltage for all inputs (Note 6) 2.0 Volts 
Guaranteed input logical LOW 
Vin ia LOW Level “Saat for all inputs (Note 6) vols 
Vi___| Input Clamp Voltage [Veo = MIN n= =18MA 7 Vos 
7 Ch + 
Yo. Y1, Ya, ¥3 
lo; 11, lo, 3, 14 
= ss DAo, DA,, DAs, DA 
WL Input LOW Current Vec = MAX., Vin = 0.5V s eek des mA 
(Note 4) SIO, SIO3, QIOo, 
QIO3, MSS, DBo, DB;, -0.77 
_DBz, DBs 
All other inputs —0.36 
Sa 200 
Yo. V1, Yo, Y3 “T4110 
ig-lg, DAg-DA3 40 
hw Input HIGH Current Voc = MAX., Vin = 2.7V $lOp, SIO3, QIOo, pA 
(Note 4) QI03, DBo.3, 90 
MSS 
All other inputs 20 
I | Input HIGH Current | Voc = MAX. Vin = 5.8V 1.0 oe 
ons | vey Vo = 2.4V 110 
logis i} aarimpeaancss:, | Gen Mr tse Vo = 0.8V -— [E1190] ua 
Note 4 pa 
lozi. Output Current DBp.3, QIOg, A109, |_VYo = 2-4V |e = 
L SIOg, SIO3, MSS/IS_ | Vo = 0.5V -770 
I Output Short Circuit TVec = MAX + 0.5V 30 | 85 ak 
a Current (Note 3) Vo = 0.5V 
NARS RO eo Sialid sb ts al ee ties erate ee eae. oe 
| Ta = 25°C 220 335 
i Ta = 0to 70°C | 350 | 
Power Supply Current COM'L —" 
loc (Note 5) Veo = MAX. _ |_Ta= 70°C mA 

















et 
sai: To=-s5to1c =| | | (898 
| Tears] iT 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Yo—3, DBp—3, SIOg,3, Q!Og,3 and WRITE/MSS are three state outputs internally connected to TTL inputs. Z is an open-coliector output internally 
connected to a TTL input. Input characteristics are measured under conditions such that the outputs are in the OFF state. 
. Worst case Icc is at minimum temperature. 
. These input levels provide zero noise immunity and should only be tested in a static, noise-free environment. 


Qo 
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Am2903 SWITCHING CHARACTERISTICS 


Am2903 switching characteristics are dependent on tempera- 
ture, voltage, and the operating mode of the device. The detailed 
data for the part is given in the 24 tables comprising Appendix A 
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of this data sheet. For reference, one set of these tables is 
reproduced on this page and the next. For switching data for 
special functions and military devices, refer to Appendix A. 


TABLE Ili A 
Guaranteed Combinational Delays 
Ta = 0°C to +70°C, Voc = 4.75V to 5.25V 
Standard Functions 






A Address 
(Arith. Mode) 
B Address 














A Address 
(Logic Mode) 














© 
= 
ES 
=| 
m7 





| 








_B Address 









DA Inputs 
(Arith. Mode) 
DB Inputs 
















DA Inputs 
(Logic Mode) 
DB Inputs 





















[es] 
J 





p 
ce} 



















b 
oO 






an 
o 



















> 
a 









fas 
NI 
Oo 





Note: A“*” means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a * is the delay 
to correct data on an enabled output. A-« shown without a number means the output is disabled by the input or it is enabled but the delay to 


correct data is determined by something else. 
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TABLE Ili B 


Guaranteed Set-up and Hold Times 
Ta = 0°C to +70°C, Voc = 4.75V to 5.25V 
All Functions 


CAUTION: READ NOTES TO TABLE B. NA = Not Applicable; no timing constraint. 


HIGH-to-LOW 


With Respect 
to this Signal 





WE LOW 





A, B as Sources 


B as a Destination 





QlOp, QI03 


LOW-to-HIGH 


Comment 








To Shift Q 





lg765 











IEN HIGH 





To Prevent Writing into Q 





1EN LOW 





143210 





Notes: 
1. For set-up times from all inputs not specified in Table B, the 


set-up time is computed by calculating the delay to stable Y 
outputs and then allowing the Y set-up time. Even ifthe RAM is 
not being loaded, the Y set-up time is necessary to set-up the 
Q register. All unspecified hold times are less than or equal to 
Zero relative to the clock LOW-to-HIGH edge. 


. WE controls writing into the RAM. IEN controls writing into Q 


and, indirectly, controls WE through the write output. To pre- 
vent writing, IEN and WE must be HIGH during the entire clock 
LOW time. They may go LOW after the clock has gone LOW to 
cause a write provided the WE LOW and iEN LOW set-up 
times are met. Having gone LOW, they should not be returned 
HIGH until after the clock has gone HIGH. 


TABLE Ill C 
Guaranteed Enable/Disable Times 
Ty = 0°C to +70°C, Voc = 4.75V to 5.25V 
All Functions 


Enable Disable 








To Write into Q 





See Note 6 


. Aand B addresses must be set-up prior to clock LOW transi- 


tion to capture data in latches at RAM output. 


. Writing occurs when CP and WE are both LOW. The B ad- 


dress should be stable during this entire period. 


. Because Ig7¢5 control the writing or not writing of data into 


RAM and Q, they should be stable during the entire clock LOW 
time unless IEN is HIGH, preventing writing. 


. The set-up time prior to the clock LOW-to-HIGH transition 


occurs in parallel with the set-up time prior to the clock HIGH- 
to-LOW transition and the clock LOW time. The actual set-up 
time requirement on 143049, relative to the clock LOW-to-HIGH 
transition, is the longer of (1) the set-up time prior to clock 
L > H, and (2) the sum of.the set-up time prior to clock 
H — L and the clock LOW time. 


TABLE Hi D 
Guaranteed Ciock and Write Pulse Characteristics 
Ta = O°C to +70°C,-Voc = 4.75V to 5.25V 
All Functions 


Minimum Clock HIGH Time 


Minimum Time CP and WE 
both LOW to Write ~ 





Note: 


1. GC, = 5.0pF for output disable tests. Measurement is made to a 0.5V 


change on the output. 
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CYCLE TIMES FOR 16-BIT SYSTEM 4. CP TO Y (TCHYV). 
FOR COMMON OPERATIONS The maximum time required to obtain valid Y outputs after a 


The illustration below shows a typical configuration using 4 clock LOW-TO-HIGH transition. 
Am2903 Superslices, an AM2902A carry lookahead chip, and the The types of cycles for which data is sumrnarized are as follows: 
Am2904 for shift multiplexers, status registers, and carry-in con- 1. Logic — Any logical operation without a shift. 
trol. For the system enclosed within the dashed lines, there are 2. Logic Rotate — Any logic operation with a rotate or shift. 
four major switching paths whose values for various kinds of 3. Arithmetic — An add or subtract with no shift. 
cycles are summarized below, and shown on the timing 4. Multiply — The first cycle of a 2’s complement multiply instruc- 
waveform. tion. Subsequent cycles require less time. 

5. Divide — The iterative divide cycle. The first divide instruction 
1. MICROCYCLE TIME (TCHCH). and the last divide (correction) instruction require 


The minimum time which must elapse between a LOW-TO- less time. 


HIGH clock transition and the next LOW-TO-HIGH clock . ‘ : . 
Time in ns Over Commercial Operating Range 











transition. 

The minimum time which must be allowed between vailid,: LOGIC 

stable data on the D inputs and the clock LOW-TO-HIGH 

fancier. LOGIC ROTATE 
3. D TO Y (TDVYV). | ARITHMETIC 

The maximum time required to obtain valid Y output data after MULTIPLY 





the D inputs are valid. This is the combinational delay throug 


the parts from D to Y. DIVIDE 






FROM MICROPROGRAM 
MEMORY 











Am2902A 


cp Am2918 
i PIPELINE REGISTER 








16-Bit System with Am2903, Am2902A, Am2904 
MPR-583 
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Timing Waveforms for Data In, Clock, and Y Out 
MPR-584 
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USING THE Am2903 AND Am29203 
Except Where Otherwise Noted, All References 
to the Am2903 Also Apply to the Am29203. 


Am2903 APPLICATIONS 


The Am2903 is designed to be used in microprogrammed sys- 
tems. Figure 1 illustrates a recommended architecture. The con- 
trol and data inputs to the Am2903 normally will all come from 
registers clocked at the same time as the Am2903. The register 
inputs come from a ROM or PROM - the “microprogram store”. 
This memory contains sequences of microinstructions which 
apply the proper control signals to the Am2903’s and other cir- 
cuits to execute the desired operation. 


The address lines of the microprogram store are driven from the 
Am2910 Microprogram Sequencer. This device has facilities for 
storing an address, incrementing an address, jumping to any 
address, and linking subroutines. The Am2910 is controlled by 
some of the bits coming from the microprogram store. Essen- 
tially, these bits are the “next instruction” control. 


One Level Pipeline Based System 





Am2903/29203 
ALU 
i STATUS 


REGISTER 







Figure 1. Typical Microprogram Architecture. 
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Note that with the microprogram register in between the micro- 
program memory store and the Am2903’s, a microinstruction 
accessed on one cycle is executed on the next cycie. As one 
microinstruction is executed, the next microinstruction is being 
read from microprogram memory. In this configuration, system 
speed is improved because the execution time in the Am2903’s 
occurs in parallel with the access time of the microprogram Store. 
Without the “pipeline register’, these two functions must occur 
serially. 


Expansion of the Am2903 


The Am2903 is a four-bit CPU slice. Any number of Am2903’s 
can be interconnected to form CPU's of 8, 16, 32, or more bits, in 
four-bit increments. Figure 2 illustrates the interconnection of four 
Am2903's to form a 16-bit CPU, using ripple carry. 


With the exception of the carry interconnection, all expansion 
schemes are the same. The QIO3 and S103 pins are bidirectional 
left/right shift lines at the MSB of the device. For all devices 
except the most significant, these lines are connected to the QIO9 
and SIQOp pins of the adjacent more significant device. These 
connections allow the Q Registers of all Am2903’s to be shifted 
left or right as a contiguous n-bit register, and also allow the ALU 
output data to be shifted left or right as a contiguous n-bit word 
prior to storage in the RAM. At the LSB and MSB of the CPU, the 
shift pins should be connected to a shift multiplexer which can be 
controlled by the microcode to select the appropriate input sig- 
nals to the shift inputs. 


Device 1 has been defined as the least significant slice (LSS) and 
its LSS pin has accordingly been grounded. The Write/Most 
Significant Slice (WRITE/MSS) pin of device 1 is now defined as 
being the Write output, which may now be used to drive the write 


enable (WE) signal common to the four devices. Devices 2 and 3 
are designated as intermediate slices and hence the LSS and 
WRITE/MSS pins are tied HIGH. Caution: W/MSS must be tied 
to Vcc through a resistor; W/MSS and LSS may not be shorted 
directly together. Device 4 is designated the most significant slice 
(MSS) with the LSS pin tied HIGH and the WRITE/MSS pin held 
LOW. The open collector, bidirectional Z pins are tied together for 
detecting zero or for inter-chip communication for some special 
instruction. The Carry-Out (C,+4) is connected to the Carry-In 
(C,,) of the next chip in the case of ripple carry. For a faster carry 
scheme, an Am2902 may be employed (as shown in Figure 3) 
such that the G and P outputs of the Am2903 are connected to the 
appropriate G and P inputs of the Am2902, while the Cy+.,, Ch+y 
and C,+7 outputs of the Am2902 are connected to the C,, input of 
the appropriate Am2903. Note that G/N and P/OVR pin functions 
are device dependent. The most significant slice outputs N and 
OVR while all other slices output G and P. 
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Figure 2. 16-Bit CPU with Ripple Carry. 
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The IEN pin of the Am2903 allows the option of conditional Parity 
instruction execution. If IEN is LOW, all internal clocking is en- 


| i 3 hen the instruc- 
abled, allowing the latches, RAM, and Q Register to function. If Bee ae auc aciccen word when tne iis! 


; ; : ; tion bits |s_g have the values of 44, to 746 as shown in Table 3. 
EN SIGE he: AAN end Q Register are disabled. The RAM is The ecmpuied parity is the result of he exclusive OR of the 
controlled by IEN if WE is connected to the WRITE output. individual ALU outputs and SIO3. Parity output is found on SIOp. 
It would be appropriate at this point to mention that the Am2903 Parity between devices may be cascaded by the interconnection 
may be microcoded to work in either two-or three-address ar- of the SIO and SIO3 ports of the devices as shown in Figure 3. 
chitecture modes. The two-address modes allow A+B B while The equation for the parity output at SIOg port of device 1 is 
the three-address mode makes possibleA+B—>C. Implementa- given by SIOg = Fis VW Fig ¥ Fag V... ¥ Fy 4 Fo ¥ 
tion of a three-address architecture is made possible by vary- S045. 

ing the timing of IEN in relationship to the external clock and 

changing the B address as shown in Figure 4. This technique is 

discussed in more detail under Memory Expansion. 


A a 
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Figure 3. 16-Bit CPU with Carry Look Ahead. 
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Figure 4. Relationship of 1EN and Clock During Two Address and Three Address Modes. 
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Sign Extend 


Sign extension across any number of Am2903 devices can be 
done in one microcycle. Referring again to the table of instruc- 
tions (Table 3), the sign extend instruction (Hex instruction E) 
on Is_g causes the sign present at the SIO port of a device 
to be extended across the device and appear at the SIO3 port 
and at the Y outputs. If the least significant bit of the instruc- 
tion (bit I;) is HIGH, Hex instruction F is present on Is_g, 
commanding a shifter pass instruction. At this time, Fz of the 
ALU is present on the SIO3 output pin. It is then possible to 
control the extension of the sign across chip boundaries by 
controlling the state of I, when Ig_s are HIGH. Figure 5 out- 
lines the Am2903 in sign extend mode. With Ig—_g held HIGH, 
the individual chip sign extend is controlled by !5q-p- If, for 
example, Is, and Isg are HIGH while Isc and Isp are LOW, 
the signal present at the boundaries of devices 2 and 3 (F3 of 
device 2) will be extended across devices 3 and 4 at the SIO3 
pin of device 4. The output of the four devices will be avail- 
able at their respective Y data ports. The next positive edge 
of the clock will load the Y outputs into the address selected 
by the B port. Hence, the results of the sign extension is 
stored in the RAM. 


SPECIAL FUNCTIONS 


When Ip_4 = 0, the Am2903 is in the Special Function mode. In 
this mode, both the source and destination are controlled by I5_g. 
The Special Functions are in essence special microinstructions 
that are used to reduce the number of microcycles needed to 
execute certain functions in the Am2903. 


Normalization, Single- and Double-Length 


Normalization is used as a means of referencing a number to a 
fixed radix point. Normalization strips out all leading sign bits such 
that the two bits immediately adjacent to the radix point are of 
opposite polarity. 

Normalization is commonly used in such operations as fixed-to- 
floating point conversion and division. The Am2903 provides for 
normalization by using the Single-Length and Double-Length 
Normalize commands. Figure 6a represents the Q Register of a 
16-bit processor which contains a positive number. When the 
Single-Length Normalize command is applied, each positive 
edge of the clock will cause the bits to shift toward the most 
significant bit (bit 15) of the Q Register. Zeros are shifted in via the 
QIOp port. When the bits on either side of the radix point (bits 14 
and 15) are of opposite value, the number is considered to be 
normalized as shown in Figure 6b. The event of normalization is 
externally indicated by a HIGH level on the C,,.4 pin of the most 
significant slice (C,44 MSS = Q3 MSS ¥ Qo'MS55). 
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Figure 5. Sign Extend. 
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a) Unnormalized Positive Number. 


RADIX 
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b) Normalized Positive Number. 


Q REGISTER 


Figure 6. MPR-040 


There are also provisions made for a normalization indication 
via the OVR pin one microcycle before the same indication is 
available on the C,44 pin (OVR = Q2 MSS ¥ Q, MSS). This 
is for use in applications that require a stage of register buffer- 
ing of the normalization indication. 


Since a number comprised of all zeros is not considered for 
normalization, the Am2903 indicates when such a condition 
arises. If the Q Register is zero and the Single-Length Normaliza- 
tion command is given, a HIGH level will be present on the Z line. 
The sign output, N, indicates the sign of the number stored in 
the Q register, Q; MSS. An unnormalized negative number 
(Figure 7a) is normalized in the same manner as a positive 
number. The results of single-length normalization are shown 
in Figure 7b. The device interconnection for single-length 
normalization is outlined in Figure 8. During single length 
normalization, the number of shifts performed to achieve 
normalization can be counted and stored in one of the work- 
ing registers. This can be achieved by forcing a HIGH at the 
C,, input of the least significant slice, since during this special 
function the ALU performs the function [B] + C, and the re- 
sult is stored in B. 


Normalizing a double-length word can be done with the Double- 
Length Normalize command which assumes that a user-selected 
RAM Register contains the most significant portion of the word to 
be normalized while the Q Register holds the least significant half 
(Figure 9). The device interconnection for double-length normal- 
ization is shown in Figure 10. The C,-4, OVR, N, and Z outputs of 
the most significant slice perform the same functions in double- 
length normalization as they did in single-length normalization 
except that C,,.4, OVR, and Nare derived from the output of the 
ALU of the most significant slice in the case of double-length 
normalization, instead of the Q Register of the most significant 
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a) Unnormalized Negative Single Length Number. b) Normalized Negative Single length Number. 
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Figure 8. Single Length Normalize. 
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Figure 10. Double Length Normalize. 
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slice as in single-length normalization. A high-level Z line in 
double-length normalization reveals that the outputs of the ALU 
and Q Register are both zero, hence indicating that the double- 
length word is zero. 


When doubie-length normalization is being performed, shift 
counting is done either with an extra microcycle or with an exter- 
nal counter. 


Sign Magnitude, Two’s Complement Conversion 


As part of the special instruction set, the Am2903 can convert 
between two's complement and sign/magnitude representa- 
tions. Figure 11 illustrates the interconnection needed for sign 
magnitude/two’s complement conversion. The word to be 
converted is applied to the S input port of the ALU (from the 
RAM B port or the DB I/O port). The C,, input of device 1 is 
connected to the Z pin. The sign bit (S3;MSS) is brought out on the 
Z line and informs the other ALU’s if the conversion is being 
performed on a negative or positive number. If the number to be 
converted is the most negative number in two’s complement 
[ i.e., 100. . . 00 (—2")], an overflow indication will occur. This is 
because —2" is one greater than any number that can be repre- 
sented in sign magnitude notation-and hence an attempted con- 
version to sign magnitude from —2" will cause an overflow. When 
minus zero in sign magnitude notation (100... 0) is converted to 
two’s complement notation, the correct result is obtained 
(O.. .0). 
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Increment by One or Two 


Incrementation by One or Two is made possible by the Special 
Function of the same name. This command is quite useful in the 
case of byte addressable words. Referencing Figure 12, a word 
may be incremented by one if C,, is LOW or incremented by two if 
Cy is HIGH. 


Unsigned Multiply 


This Special Function allows for easy implementation of un- 
signed multiplication. Figure 13 is the unsigned multiply flow 
chart. The algorithm requires that initially the RAM word ad- 
dressed by Address port B be zero, that the multiplier be in the 
Q Register, and that the multiplicand be in the register ad- 
dressed by Address port A. The initial conditions for the 
execution of the algorithm are that: 1) register Ro be reset to 
zero; 2) the multiplicand be in R,; and 3) the multiplier be in 
Ry. The first operation transfers the multiplier, Ro, to the Q 
Register. The Unsigned Multiply instruction is then executed 
16 times. During the Unsigned Multiply instruction, Ro is ad- 
dressed by RAM address port.B and the multiplicand is ad- 
dressed by RAM address port A. 


When the unsigned Multiply command is given, the Z pin of 
device 1 becomes an output while the Z pins of the remaining 
devices are specified as inputs as shown in Figure 15. The Z 
output of device 1 is the same state as the least significant bit 
of the multiplier in the Q Register. The Z output of device 1 
informs the ALU’s of all the slices, via their Z pins, to add the 
partial product (referenced by the B address port) to the mul- 
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Figure 11. 2's Complement—=Sign/Magnitude. 
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Figure 13. Unsigned 16 X 16 Multiply Flowchart. 


tiplicand (referenced by the A address port). if Z = 1. If Z = 0, 
the output of the ALU is simply the partial product (referenced 
by the B address port). Since C, is held LOW, it is not a fac- 
tor in the computation. Each positive-going edge of the clock 
will internally shift the ALU outputs toward the least significant 
bit and simultaneously store the shifted results in the register 
selected by the B address port, thus becoming the new partial 
sum. During the down shifting process, the C,44 generated in 
device 4 is internally shifted into the Y3 position of device 4. 
At this time, one bit of the multiplier will down shift out of the 
QIOp ports of each device into the QIO3 port of the next less 
significant slice. The partial product is shifted down between 
chips in a like manner, between the SIO and SiOz ports, with 
SlOp of device 1 being connected to QIO3 of device 4 for 
purposes of constructing a 32-bit long register to hold the 
32-bit product. At the finish of the 16 x 16 multiply, the most 
significant 16 bits of the product will be found in the register 
referenced by the B address lines while the least significant 
16 bits are stored in the Q Register. Using a typical Computer. 
Control Unit (CCU), as shown in Figure 16, the unsigned mul- 
tiply operation requires only two lines of microcode, as shown 
in Figure 17, and is executed in 17 microcycles. 
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Two’s Complement Multiplication 


The algorithm for two's complement multiplication is illustrated 
by Figure 14. The initial conditions for two’s complement mul- 
tiplication are the same as for the unsigned multiply operation. 
The Two’s Complement Multiply Command is applied for 15 
clock cycles in the case of a 16 x 16 multiply. During the 
down shifting process the term N'YOVR generated in device 
4 is internally shifted into the Y3 position of device 4. The data 
flow shown in Figure 15 is still valid. After 15 cycles, the sign 
bit of the multiplier is present at the Z output of device 1. At 
this time, the user must place the Two's Complement Multiply 
Last cycle command on the instruction lines. The intercon- 
nection for this instruction is shown in Figure 18. On the next 
positive edge of the clock, the Am2903 will adjust the partial 
product, if the sign of the multiplier is negative, by subtracting 
out the two’s complement representation of the multiplicand. If 
the sign bit is positive, the partial product is not adjusted. At 
this point, two’s complement multiplication is completed. Using 
a typical CCU, as shown in Figure 16, the two’s complement 
multiply operation requires only three lines of microcode, as 
shown in Figure 19, and is executed in 17 microcycles. 
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Figure 14. 2's Complement 16 X 16 Multiply. 
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is internally shifted into position Y3 MSS. 






Figure 15. Multiply. 





2-49 - 


MPR-049 





Am2903 * Am29203 









MACRO INSTRUCTION 


MAPPING 
ROM 
EN 





Am2910 


















n+7 CONTROL 


PIPELINE 
REGISTER 
12 
Yo-11 Pa 
PL MICRO- 
en | PROGRAM 
FULL MEMORY 
VECT 
2918 


FS SYSTEM 
CONTROL 
TO 2903'S 





MAP 

cp DATA 
PIPELINE 
REGISTER 





cP OE. 










EN 


VECTOR 
MAPPING 
ROM 








Am2922 


Le 
— 






INTERRUPT 





Qo Qy Qo Og Cy Qs Og 
cP STATUS. REG EN 
Do Dy D2 D3 Dg Ds 0g 





CLK 





Am25LS377 





Figure 16. Typical Computer Control Unit (CCU). 
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Figure 17. Micro Code for Unsigned 16 X 16 Multiply. 
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Figure 18. 2's Complement Multiply, Last Cycle. 
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Figure 19. Microcode for 2’s Complement 16 x 16 Multiply. 


START 

Divisor in Ro 
Dividend (MS) in Ry 
Dividend (LS) in R4 


TWO’S COMPLEMENT DIVISION 


The division process is accomplished using a four quadrant 
non-restoring algorithm which yields an algebraically correct 
answer such that the divisor times the quotient plus the re- 
mainder equals the dividend. The algorithm works for both 
single precision and multi-precision divide operations. The 
i only condition that needs to be met is that the absolute mag- 
nitude of the divisor be greater than the absolute. magnitude 
of the dividend. For multi-precision divide operations the least 
ABORT. significant bit of the dividend is truncated. This is necessary if 
the answer is to be algebraically correct. Bias correction is au- 
tomatically provided by forcing the least significant bit of the 
quotient to a one, yet an algebraically correct answer is still 
maintained. Once the algorithm is completed, the answer may 
be modified to meet the user’s format requirements, such as 
BSS sn ira rounding off or converting the remainder so that its sign is the 


< 


2'S C->S/M (Ro) 


same as the dividend. These format modifications are ac- 
' complished using the standard Am2903 instructions. 
DIVIDEND 
ms The true value of the remainder is equal to the value stored in 


the working register times 2°—' when n is the number of quo- 
tient digits. 


The following paragraphs describe a double precision divide 
operation. The double precision flow chart is based upon the 
use of the architecture detailed in Figure 16. 


< 


Referring to the flow chart outlined in Figure 20, we begin the 
algorithm with the assumption that the divisor is contained in 
Ro, while the most significant and least significant halves of 
the dividend reside in Ry and Ry, respectively. The first step is 
to duplicate the divisor by copying the contents of Rg into Rs. 
Next the most significant half of the dividend is copied by 
transferring the contents of Ry into Ro while simultaneously 
checking to ascertain if the divisor (Ro) is zero. If the divisor is 
zero then division is aborted. If the divisor is not zero, the 
copy of the most significant half of the dividend in Rg is con- 


SCALE 


TEER DEREK) Eye 


Y bivisoR verted from its two’s complement to its sign magnitude rep- 

DIVIDEND resentation. The divisor in R3 is converted in like manner in 

the next step, while testing to see if the results of the dividend 

4ST DIVIDE OP conversion yielded an indication on the overflow pin of the 


Am2903. If the output of the overflow pin is a ‘one’ then the 
dividend is —2" and hence is the largest possible number, 
meaning that it cannot be less than the divisor. What must be 
done in this case is to scale the dividend by down shifting the 
upper and lower halves stored in R, and Ry, respectively. 
After scaling, the routine requires that the algorithm be 
reinitiated at the beginning. 


Conversely, if the output of the overflow pin is not a one, 
the sign magnitude representation of the divisor (R3) is shifted 
up in the Am2903, removing the sign while at the same time 


ty 






y 


2'Sc+ 
CORRECTION 


a 
le 


END testing the results of two’s complement to sign magnitude 

Pocainda nk conversion of the divisor in the Am2910. If the results of the 

: peters test indicate that the divisor is —2" i.e., overflow equals one, 

Figure 20. Division Flow Chart — Double Precision Divide. then the lower haif of the dividend is placed in the Q register 
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Figure 21. Double Length Normalize/First Divide Operation. 
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Figure 22. 2’s Complement Divide. 





Fe 
F= 


B] + [A] +CnifZ=0 


B] — [A] -1+CnifZ=1 F-Y,B 20 °a 








Q3 MSS aid, Qid0g aio, QlOg 


Ch+4 


VR Am2903/29203 
Am2903/29203 


N 


S103 $10g S103 $109 
z z 


SIGN COMPARE FF 


MPR-054 





alo; QI0g alo; Al0g 1 










Am2903/29203 Am2903/29203 c, 









S103 S109 S103 $109 


Zz Zz 






Figure 23. 2’s Complement Divide Correction. 
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and division may proceed. This is possible because the di- 
visor is now guaranteed to be greater than the dividend. If 
overflow is not a one then we must proceed by shifting out 
the sign of the sign magnitude representation of the dividend 
stored in Rea. At this point we are able to check if the divisor is 
greater than the dividend by subtracting the absolute value of 
the divisor (R3) from the absolute value of the upper half of 
the dividend (Rz) and storing the results in R3. Next, the least 





significant half of the dividend is transferred from Rg to the Q 
register while simultaneously testing the carry from the result 
of the divisor/dividend subtraction. Ifthe carry (C,44) is one, 
indicating the divisor is not greater than the dividend then a 
scaling operation must occur. This involves either shifting up 
the divisor or shifting down the dividend. If the carry is not 
one then the divisor is greater than the dividend and division 
may now begin. 


2-52 








Micro 
Memory Am2910 
Address Inst. 


Data 
Pipeline 
Reg. 


X 





Am2903/29203 
EA A3-Ag B3-Bo Ch 


Am2903 * Am29203 





Am2922 
SEL POL 





Comments 


Ro > R3 








Abort 


R1— Ro, if Ro = 0 Abort 








Xx 








2’s C to S/M (Ro) 








Scale 
Dividend 





2's C to S/M (Rg). if 
OVR = 1, scale 














; Shift out sign of divisor 
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} Shift out sign of divisor 








Xx 
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X 





‘Test Loop Count and 
2's C Divide 








X 





2's C Divide Correction 





Figure 24. Microcode for Double Precision Divide. 


The first divide operation is used to ascertain the sign bit of 
the quotient. The two’s complement divide instruction is then 
executed repetitively, fourteen times in the case of a sixteen 
bit divisor and a thirty-two bit dividend. The final step is the 
two’s complement correction command which adjusts the quo- 
tient by allowing the least significant bit of the quotient to be 
set to one. At the end of the division algorithm the sixteen bit 
quotient is found in the Q register while the remainder now 
replaces the most significant half of the dividend in Ry. It 
should be noted that the remainder must be shifted down fif- 
teen places to represent its true value. The interconnections 
for these instructions aré shown in Figures 21, 22, 23. Using 
a typical CCU as shown in Figure 16, the doubie precision di- 
vide operation requires only eleven lines of microcode, as 
shown in Figure 24. 


For those applications that require truncation instead of bias 
correction, the same algorithm as above should be im- 
plemented except one additional Two’s Complement Divide 
instruction should be used in lieu of the Two’s Complement 
Divide Correction and Remainder instruction. However, this 
technique results in an invalid remainder. 


It is possible to do multiple-precision divide operations beyond 
the double precision divide shown above. For example, to do 
a triple precision divide for a 16-bit CPU, the upper two thirds 
of the dividend are stored in R, and Q as in the case for dou- 
ble precision divide. The lower third of the dividend is stored 
in a scratch register, Rs. After checking that the magnitude of 
the divisor is greater than the magnitude of the dividend, 
using the same tests as defined in Figure 20, the procedure is 
as follows: 
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1. Execute a Double Length Normalize/First Divide Operation 
instruction. 

2. Execute the Two’s Complement Divide instruction fifteen 
times. 

3. Transfer the contents of Q, the most significant half of the 
quotient, to Ro. 

4. Transfer Rs to Q. 

5. Execute the Two’s Complement Divide instruction fifteen 
times. 

6. Execute the Two’s Complement Divide Correction and 


Remainder instruction. 


The upper half of the quotient is then in Ro, the lower half of 
the quotient is in Q and the remainder is in R,. The flow chart 
for this is shown in Figure 25. This technique can be ex- 
panded for any precision which is required. 


BYTE SWAP 


The multi-port architecture of the Am2903 allows for easy im- 
plementation of high- and low-order byte swapping. Figure 26 
outlines a byte swap implementation utilizing two data ports. 
Initially, the lower order 8-bit byte is stored in devices 1 and 2, 
while the high-order byte is in devices 3 and 4. When the user 
wishes to exchange the two bytes, the register location of the 
desired word is placed on the B address port. When the byte 
swap line is brought LOW, the bytes to be swapped will be 
flowing from the DB ports of the Am2903 through the 
Am2958/2959 Three-state Buffers. The outputs of the three- 
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Figure 25. Division Flow Chart — Triple Precision Divide. 
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state buffers are permuted such that the byte swap is achieved. A higher speed technique for achieving the byte swap opera- 
The resultant permuted data is presented to the DA ports of the tion is illustrated in Figure 27 Instead of inputting the per- 
Am2903 where it is re-loaded into the memories of the Am2903 muted data via the DA ports, the permuted data is entered via 


on the next positive edge of CP using the source and function the Y input/output ports with OEy held HIGH. This technique 


commands of F = Aplus C, (C, = 0) for the Am2958 or F= A b : . 
sn eae ypasses the ALU, thus allowing faster operation. The Am2903 
ge yn {Cn = 0) for the Am2959 and the destination command destination command F — Y., B should-be used. 
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WORD/BYTE OPERATIONS 


The Am29203 allows for Word/Byte Operations. Figure 28 pic- 
tures a 16-bit system which is capable of doing word or byte 
(lower half of word) operations. 


In the Byte mode the BYTE/WORD line is HIGH which in turn 
asserts a LOW on the W/MSS input of Device 2 making it the 
MSS device. At the same time the multiplexer selects the status 
flags of Device 2. The IEN and OEy of Devices 4 and 3 are 
forced HIGH which disabies them from writing into RAM or onto 
the Y bus. ; 


In the word mode Device 4 is the MSS device and the multi- 
plexer selects its status flags. The IEN inputs are brought low 
which enables writing in to RAM. The OEy is also allowed to go 
low. 


MEMORY EXPANSION 


Both the Am2903 and Am29203 allow for a theoretically infinite 
memory expansion, but the technique is slightly different. (The 
Am29203 allows writing less than a full word, e.g., a byte.) Fig- 
ure 29, Am2903 and Am29705, pictures a 4-bit slice of a system 
which has 48 words of RAM and 16 words of ROM. RAM storage 
is provided by the Am2903 and the Am29705s. The Am29705 
RAM is functionally identical to the Am2903 RAM. The 
Am27S19 is used to store constants and masks and is ad- 
dressable from address port A only. The system is organized 
around five data buses. Inter-bus communication may be done 
through the Am29705s or the Am2903. The memory addressing 


Am2903 * Am29203 


scheme specifies the data source for the R input of the ALU 
eminating from the register locations specified by address field 
A. Ag_3 addresses 16 memory locations in each chip while ad- 
dress bits A, are decoded and used for the output enable for 
the desired chip. The B address field is used to select the S input 
of the ALU and the C field is used to specify the register location 
where the result of the ALU operation is to be stored. 


Bits Bo_3 are for source register addressing in each chip. Bits By 
and B, are used for chip output enable selection. Co_3 access the 
16 destination addresses on each chip while bits C4 and Cs 
control the Write Enable of the desired chip. The source and 
destination register address are multiplexed such that when the 
clock is HIGH, the source register address is presented to the B 
address ports of the RAM’s. The Instruction Enable (IEN) is HIGH 
atthis time. The data flows from the Y port or the internal B port as 
selected by the decoder whose inputs are B, and Bs. When the 
clock goes LOW, the data eminating from the selected Y outputs 
of the Am29705’s and the RAM outputs of the Am2903 are 
latched and the destination address is now selected for use by the 
RAM address lines. When the destination address stabilizes on 
the address lines, the IEN pin is brought LOW. The WRITE output 
of the Am2903 will now go LOW, enabling the decoder sourced 
by address bits C4, and Cs. The selected decoder line will go 
LOW, allowing the desired memory location to be written into. To 
switch between two- and three-address architecture, the user 
simply makés the source and destination addresses the same; 
i.e., Bp-3 = Co—3 and By_s = C4y—5. For two-address ar- 
chitecture, the MUX is removed from the circuit. 








MSS 
DEVICE 4 DEVICE 3 





Am2903/29203 


BYTE 
SWAP 


Am2903/29203 


DEVICE 2 


LSS 
DEVICE 1 








Am2903/29203 


F E Am2958/2959 


Am2903/29203 






Figure 26. Byte Swap. 
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Figure 27. High Speed Byte Swap. 
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Figure 28. Connections for Word/Byte Operations (Am29203 Only). 
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Figure 29. Expanded Memory on Am2903. 


Memory Expansion with the Am29203 


The expansion scheme using the Am29203 and Am29705 is 
only slightly different from that for the Am2903, and is illustrated 
in Figure 30. The difference is due to the fact that the WRITE 
signal from the Am29203 is not-internally gated by IEN. This 
gating is performed external to the Am29203, either in a gate or, 
as shown in Figure 30, by using the enable on the chip select 
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decoder. The advantage of separating the write signal from the 
IEN signal is that writing can be controlled over less than the full 
word length. For example, in a 16-bit system, the lower two 
devices can have one IEN signal and the upper two devices a 
second IEN signal. Controlling these two signals separately al- 
lows data to be written in either byte without disturbing the other 
byte. The 2- and 3-address architecture is handled in the same 
way as with the Am2903. 
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Figure 30. Expanded Memory for Am29203. 
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APPENDIX A 


Am2903 SWITCHING CHARACTERISTICS 


The switching characteristics of the Am2903 are a function of the 
power supply voltage, the temperature, and the operating mode 
of the device. The data has been condensed onto the tables on 
the following 24 pages. The first sets of tables define the speeds 
of the device for all operations except the special functions 
(where 143219 = 00000). The remaining tables define the speeds 
of the combinational paths for each of the special functions. 
Set-up and hold times do not change for the special functions. An 
index to the AC tables is shown below. The roman numeral 
identifies the conditions: 


| = room temperature typical 

{| = room temperature guaranteed 
Ill = guaranteed commercial operating range 
lV = guaranteed military operating range 


The letter designates the type of data: 


standard function combinational delays 
set-up and hold times 

Enable/Disable times 

clock and write pulses 

special function combinational delays 


ll 


Il 


I 


moOw > 
II 


Data is shown in Tabies E in bold face where different from the 
data given in Tables A. Except where otherwise noted, data is 
taken with inputs switching between OV and 3.0V at 1V/ns, with 
the measurement point at 1.5V. Outputs are measured at 1.5V 
and are loaded with C, = 50pF and maximum DC load. 


INDEX TO SWITCHING TABLES 


Typical/ 
Table Data Type Guaranteed Conditions Applicable to 
1A Combinational Delays Typical 5.0V, 25°C Standard functions 
ILA Combinational Delays Guaranteed 5.0V, 25°C Standard functions 


IA Combinational Delays Guaranteed 


Set-up and Hold Times Guaranteed 


WC Enable/Disable Times Guaranteed 
Write Pulse and Clock 


Combinational Delays 


Guaranteed 
Guaranteed 
It! E-2 


Combinational Delays Guaranteed 


Combinational Delays Guaranteed 





WW E-5 Combinational Delays Guaranteed 


Guaranteed 





Combinational Delays 


Guaranteed 


Combinational Delays 








| Combinational Delays | 
| Guaranteed _| 
IVA Combinational Delays 
IVB Guaranteed 
VC Guaranteed 
Combinational Delays 


4.75 to 5.25V, 0°C to +70°C 
4.75 to 5.25V, 0°C to +70°C 
4.75 to 5.25V, 0°C to +70°C 
4.75 to 5.25V, 0°C to +70°C 
4.75 to 5.25V, 0°C to +70°C 
4.75 to 5.25V, 0°C to +70°C 
4.75 to 5.25V, 0°C to +70°C 
4.75 to 5.25V, 0°C to +70°C 
4.75 to 5.25V, 0°C to +70°C 
4.75 to 5.25V, 0°C to +70°C 
4.75 to 5.25V, 0°C to +70°C 
4.75 to 5.25V, 0°C to +70°C 
4.75 to 5.25V, 0°C to +70°C 
4.5 to 5.5V, —55°C to +125°C 
4.5 to 5.5V, 
4.5 to 5.5V, 
4.5 to 5.5V, 
4.5 to 5.5V, 
4.5 to 5.5V, 
4.5 to 5.5V, 
4.5 to 5.5V, 
4.5 to 5.5V, 
4.5 to 5.5V, 
4.5 to 5.5V, 
4.5 to 5.5V, 
4.5 to 5.5V, 


Standard functioris 


All functions 





All functions 

All functions 

Unsigned multiply instruction 

Two's complement multiply instruction 
Increment by one or two instruction 


Sign magnitude/two’s complement conversion 





Two’s complement multiply, last cycle 
Single-length normalize 
First divide operation (dbl. length norm.) 


Two’s complement divide 





Two’s complement divide, correction 





Standard functions 








—55°C to +125°C All functions 
—55°C to +125°C All functions 
—55°C to +125°C All functions 


—55°C to +125°C 
—55°C to +125°C 
~55°C to +125°C 
—58°C to +125°C 
—55°C to +125°C 
—55°C to +125°C 
—55°C to +125°C 
—55°C to +125°C 
—55°C to +125°C 


Unsigned multiply instruction 
Two’s complement multiply instruction 
Increment by one or two instruction 


Sign magnitude/two’s complement conversion 





Two's complement multiply, last cycle 


Single-length normalize 





First divide operation (dbl. length norm.) 





Two’s complement divide 





Two's complement divide, correction 
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TABLEIA 
Typical Combinational Delays 
Ta = 25°C, Voc = 5.0V 
Standard Functions 


“—~~—___ To Output QI0p 
romp | y | eae [8.8 | 2 | w | ove | on | wre | 3 | 80. 
0 
61 







S109 
SIO3 | Parity 
66 


(Arith. Mode) 
B Address 63 56 52 75 62 71 31 = = 














A Address 54 a 42 66 | 55 2 



















































































- ~ 49 59 
(Logic Mode) - ~~ eas 
B Address 53 - 45 63 53 _ - - 
DA Inputs 40 36 30 52 40 55 ~ ~ 
(Arith. Mode) - _ 
DB Inputs 38 35 28 50 38 52 - - 
DA Inputs 40 - 29 52 40 - - _ 
(Logic Mode) ara Mere 
DB Inputs 34 S 20 46 35 = = = = 
EA 39 32 26 51 39 52 = x = 
Ch 25 18 37 25 35 = z _ 
lo 33 29 22 43 33 38 ~ 33 * 
14324 46 42 44 57 44 52 ~ 33 * 
lg765 28 - _ 40 - - - 32 36 + 
TEN = ia = = = - - 12 _ 
S103, SIOo 15 _ = _ - a a = 2 
Clock 55 53 44 67 57 67 23 ~ 25 
Y _ - : 12 _ ~ _ - _ 
MSS 28 _ 28 40 28 28 - - - 











Note: A“*” means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a * is the delay 
to correct data on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the delay to 
correct data is determined by something else. 
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TABLE Ill A 
Guaranteed Combinational Delays 
Ta = 0°C to +70°C, Vo = 4.75V to 5.25V 
Standard Functions 


QIOo 
Crea DB | WRITE | Qio, 
69 


Y wane | 
A Address 86 81 
(Arith. Mode) — 
B Address 99 81 
A Address 87 68 
(Logic Mode) : ; _ 
B Address 73 


DA Inputs 
(Arith. Mode) 
DB Inputs 
































DA Inputs 
(Logic Mode) 





DB inputs 


























TEN 
S103, SIOg 





Note: A“*" means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a * is the delay 
to correct data on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the delay tc 
correct data is determined by something else. 
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Am2903 + Am29203 


TABLE ii! B 
Guaranteed Set-up and Hold Times 
Ta = O°C to +70°C, Voc = 4.75V to 5.25V 
All Functions r 


CAUTION: READ NOTES TO TABLE B. NA = Not Applicable; no timing constraint. 





HIGH-to-LOW 










To Output 






With Respect 
to this Signal 





From Input 





WE HIGH 
WE LOW 


A, B as Sources 



















B as a Destination 


















. To Prevent Writing into Q 


QIO9, QIO3 

















18765 
IEN HIGH 
ENLOW 












See Note 6 


143210 





Notes: 3. A and B addresses must be set-up prior to clock LOW transi- 

1. For set-up times from all inputs not specified in Table B, the tion to capture data in latches at RAM output. 
set-up time is computed by calculating the delay to stable Y 4. Writing occurs when CP and WE are both LOW. The B ad- 
outputs and then allowing the Y set-up time. Even ifthe RAMis dress should be stable during this entire period. 
not being loaded, the Y set-up time is necessary to set-up the 5. Because lIg7g5 control the writing or not writing of data into 
Q register. All unspecified hold times are less than or equal to RAM and Q, they should be stable during the entire clock LOW 
zero relative to the clock LOW-to-HIGH edge. time unless IEN is HIGH, preventing writing. 

2. WE controls writing into the RAM. TEN controls writing into Q 6. The set-up time prior to the clock LOW-to-HIGH transition 
and, indirectly, controls WE through the write output. To pre- occurs in parallel with the set-up time prior to the clock HIGH- 
vent writing, IEN and WE must be HIGH during the entire clock to-LOW transition and the clock LOW time. The actual set-up 
LOW time. They may go LOW after the clock has gone LOW to time requirement on 143019, relative to the clock LOW-to-HIGH 
cause a write provided the WE LOW and {EN LOW set-up transition, is the longer of (1) the set-up time prior to clock 
times are met. Having gone LOW, they should not be returned L —H, and (2) the sum of the set-up time prior to clock 
HIGH until after the clock has gone HIGH. H — L and the clock LOW time. 

TABLE Ill C TABLE Ili D 
Guaranteed Enable/Disable Times Guaranteed Clock and Write Pulse Characteristics 
Ta = 0°C to +70°C, Voc = 4.75V to 5.25V Ta = 0°C to +70°C, Voc = 4.75V to 5.25V 
All Functions All Functions 

















F 25 
: 25 Minimum Time CP and WE 
; both LOW to Write 
S!O9, SIO3 25 
QIO9, QIO3 60 
QIOg, QIO3 60 
WRITE 25 


1. C, = 5.0pF for output disable tests. Measurement is made to a 0.5V 
change on the output. 





Note: 
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TABLE Ill E-0 
Guaranteed Combinational Delays 
Ta = 0°C to +70°C, Voc = 4.75V to 5.25V 
Unsigned Multiply Instruction 


(Ig765 = Oy, 14301 = OY, Io = 0) 















































” 


vi 
n 


© 
o 
eo 
= 





© 
a 
o 
= 
> 
@ 











MSS 
14321 

Li 

MSS 
Ig765 

L 


F=S+C,ifZ=0 
S+R+C,ifZ=1 

Y3 = Cny+4 (MSS) 

Z = Qo (LSS) 


w 


NIN o ~“I 





To Output Slice Ql0o 
From Input Position | Y | Cy+4 | OVR WRITE| QIO, 
A, B Address | mss | 88 112 
(Arith. Mode) 88 _ 49 az 
SBE eau Puss [os | oo | - | 89 : 

Puss 53 | - 83 = 
Css a0 | - 40 | 58 : 
IS, LSS 4 30 | Ea - 
ar ee 2 ee : 
LSS * 
ee re 

is 

| 108 | 3 


N“ N 


aN 
oO 
fe) 
a9 


fee] 
N 





* 
46 | 50 | * 72* 
= 88 108 = 
ae erie 40| 64 
SE ee ee ee Ee 
PA il be lo ce oe ae (ee 
ee ed eee 
a ae Ee ae ae 


[oo] 
N 
= 
a 
i) 


Notes: 1. A‘“*” means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a * is the 
delay to correct data on an enabled output. A *« shown without a number means the output is disabled by the input or it is enabled but the 
delay to correct data is determined by something else. 

2. A“—" means the delay path does not exist. 
3. Data in bold face is different from Table A; other data is the sarne. 
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TABLE Ili E-2 
Guaranteed Combinational Delays 
Ta = 0° to +70°C, Voc = 4.75 to 5.25V 
Two’s Compiement Multiply Instruction 
(Ig765 = 2H: 14321 = Oy; Ip = 0) 


A, B Address 
(Arith. Mode) 











Ql0o S109 
WRITE | Qi03 SIO3| Parity 








DA, DB Inputs 





















































Notes: 1. A “x” means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a * is the 
delay to correct data on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the 
delay to correct data is determined by something else. 

2. A“‘—" means the delay path does not exist. 
3. Data in bold face is different from Table A; other data is the same. 





SIO3, SIOg 


F=$+C,ifZ=0 

R+8+C,ifZ=1 
Y3 = F3 © OVR (MSS) 
Z = Qo (LSS) 
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TABLE Ill E-4 
Guaranteed Combinational Delays 
Ta = 0°C to +70°C, Voc = 4.75V to 5.25V 
Increment by One or Two Instruction 
(Ig765 = 4H 14321 = OH; Io = 0) 


A, B Address 
(Arith. Mod 











WRITE | Qi0; 











DA, DB Inputs 








EA 







































































Z is an output 
Z is an output 








F=S+1+Cy 


Notes: 1. A‘“*” means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a « is the 
delay to correct data on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the 
delay to correct data is determined by something else. 

2. A“—” means the delay path does not exist. 
3. Data in bold face is different from Table A; other data is the same. 
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TABLE Ill E-5 
Guaranteed Combinational Delays 
Ta = O°C to +70°C, Voc = 4.75V to 5.25V 
Sign Magnitude/Two’s Complement Conversion 
(Ig765 = 5x; 14321 = Oy; Ip = 0) 










-< 


Cc 


= 
= 
= 
mi 


Slice 
From Input Position 
Ss 


A, B Address M 
(Arith. Mode) 





Cc 
© 





IS, LSS 
MSS 
IS, LSS 
MSS 
IS, LSS 


MS 
IS, LSS 4 


MSS 












DA, DB Inputs 





















| co 3 
| |> 
aS 


“J 
bt 











ise] 
Oo 











~“ 
eo 


rm 
io) 
n 
™“ 
» 
© 





= 
n 
77) 
~ 
eo 


! 


ii 
b> | 
@ 
oO 


; 


“ 
oo 















© 


r 
n 
wn 
—_ 
So 
i) 
“N 










r 
id) 
” 
x 
ao 
Qi wo BS 


=" .|{O 
Qi — 










Z is an output 


IS, LSS 


Any 
Any 





~ $103, SIOg 





F=S+CyifZ=0 


$+ ChifZ=1 
Y3 = S3 @ Fg, (MSS) 
Z = S3 (MSS) 


Notes: 1. A‘ *” means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a * is the 
delay to correct data on an enabled output. A « shown without a number means the output is disabled by the input or it is enabled but the 
delay to correct data is determined by something else. 

2. A“—”" means the delay path does not exist. 
3. Data in bold face is different from Table A; other data is the same. 
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TABLE iil E-6 
Guaranteed Combinational Delays 
Ta = 0°C to +70°C, Voc = 4.75V to 5.25V 
Two’s Complement Multiply, Last Cycle 
(Ig765 = 64, 14321 = Oy, Ip = 0) 


A, B Address 


(Arith. Mode) IS, LSS 
MSS 
IS, LSS 


MSS 
IS, LSS 





SIOo 
Parity 
94 - . 














DA, DB Inputs 

















EA 
























































F=$+CpifZ=0 
S-R-14+C,ifz=1 

Y3 = OVR @ Fs (MSS) 

Z = Qo (LSS) 


Notes: 1. A“ *” means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a * is the 
delay to correct data on an enabled output. A « shown without a number means the output is disabled by the input or it is enabled but the 
delay to correct data is determined by something else. 

2. A“~—” means the delay path does not exist. 
3. Data in bold face is different from Table A; other data is the same. 
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TABLE Ill E-& 
Guaranteed Combinational Delays 
Ta = 0°C to +70°C, Voc = 4.75V to 5.25V 
Single-Length Normalize Instruction 


(Ig765 = 8H; 14321 = On; Io = 9) 


To Output Slice QIOg S109 
From Input Position wazt OVR WRITE alo; S103 eal 
A, B Address 112 SEES 



















(Arith. Mode) 





DA, DB Inputs 








EA 








Cn 


















































vis [es [70] 
ee Le ee 
Cie MSS 49 
87 


TEN 
S103, SIOp 


Z is an output 


Z is an output 


i 

7 
rt 
i fa 
Py 
a 
ine) 
ryt 
Gt 

Np 





F=S+Cy 

Cn+4 = Q3 © Qe (MSS) 
OVR = Qo ® Q, (MSS) 
N = Q3 (MSS) 


Z = Q9Q1Q2Q3 


Notes: 1. A‘*” means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a * is the 
délay to correct data on an enabled output. A « shown without a number means the output is disabled by the input or it is enabled but the 
delay to correct data is determined by something else. 

2. A“—" means the delay path does not exist. 
3. Data in bold face is different from Table A; other data is the same. 
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TABLE ill E-A 
Guaranteed Combinational Delays 
Ta = 0°C to +70°C, Voc = 4.75V to 5.25V 
First Divide Operation (Double Length Normalize) 


(Ig765 = An; 14321 = Oy, Io = 9) 
To Output Slice 
Position Y 
mss | 99 | 








Parity 


Ql0y 
Ch+4 OVR WRITE| Qo, 
A, B Address = 94 102 49 


113 = 2 
(Arith. Mode) 88 


75 


































54 54 62 








DA, DB inputs 










































































EA 
45 | 50 
72 | 86 
72 | 86 
72 | 86 





Z is an output 











Z is an output 
TEN a - - 22 - - 7 = 
S103, SIOg - ~ = = - = - - 
F= Ss + Ch 
N = Fg (MSS) 


SIO3 = F3 ® Rg (MSS) 
Cn+4 = F3 © Fo (MSS) 
OVR = Fo @ F; (MSS) 
Z = Q9Q10203F oF 1FoF3 


Notes: 1. A“*” means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a * is the 
delay to correct data on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the 
delay to correct data is determined by something else. 

2. A“~” means the delay path does not exist. 
3. Data in bold face is different from Table A, other data is the same. 
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TABLE Ill E-C 
Guaranteed Combinational Delays 
Ta = 0°C to +70°C, Voc = 4.75V to 5.25V 
Two’s Complement Divide Operation 


(Ig765 = Cys 14321 = Oy, Ip = 0) 


From Input Position aes OVR WRITE alos a Parity 
A, B Address 
(Arith. Mode) IS, LSS j 99 
DA, DB inputs 
Pan 

EA 

iS, LSS 59 

MSS 
Ch 

IS, LSS 

MSS 
lo 1S 

LSS 

MSS 


laazt eB cl 







































































LSS 

MSS 
le765 Be. | 

LSS 
cae Sas = 
i MSS ~ 

IS, LSS 68 
iEN Any - 
SIO3, SIOg Any 26 


F=R+$+C,ifZ=0 
S-R-1+CpyifzZ=1 
SIO3 = Fz @ Rg (MSS) 
= F3 @ Rg (MSS) from previous cycle 


Notes: 1. A ‘‘*” means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a * is the 
delay to correct data on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the 
delay to correct data is determined by something else. 

2. A “—" means the delay path does not exist. 
3. Data in bold face is different from Table A; other data is the same. 
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TABLE Ill E-E 
Guaranteed Combinational Delays 
Ta = 0°C to +70°C, Voc = 4.75V to 5.25V 
Two’s Complement Divide, Correction 
(Ig765 = Ey, 14321 = OH; Io = 0) 


<n an 

















Slice 
Position y 
A, B Address OES 
(Arith. Mode) 


rss —_| 
Pa Be 


= 
= 
m 














NN > > foe} 
a N“N > f°) 
ee ss 
oe 
Oo = 
@)@ 


o 





co 





ala| for] gls| 
ala| (] gls| 















IS, LSS 
14321 


rs 
aa 


F=R+S8+C,ifZ=0 
S$~R-1+C,ifZ=1 
Z = F3 © Ry (MSS) from previous cycle 








oe 
3) 8) 
NUN 
ole 






ao 
| 
ao 


“ 
o 
— 






a 
NI 





Zis an 


° 


utput 











Notes: 1. A “*” means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a: « is the 
delay to correct data on an enabled output. A « shown without a number means the output is disabled by the input or it is enabled but the 
delay to correct data is determined by something else. 

2. A‘“—”" means the delay path does not exist. 
3. Data in bold face is different from Table A; other data is the same. 
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Table IVA 
Guaranteed Combinational Delays 
Tc = —55° to +125°C, Voc = 4.5V to 5.5V 
Siandard Functions 





ae 


Ql0p 
alo; 








05 | 2 | Pa 
rete) = 





















































A Address 120 

(Arith. Mode) 

B Address 101 97 106 148 

A Address 92 84 120 

(Logic Mode) 

B Address 86 86 125 

DA Inputs 64 62 107 

(Arith. Mode) 

DB Inputs 63 64 

DA Inputs 65 62 72 108 

(Logic Mode) 

EA 60 58 64 103 

Ch 40 38 46 69 

lo 52 51* 5B 96 * 

14321 72 66 * 75% 114+ 

EN pea ae eel 

Clock 0 

Y Fa epee 
SS p44 | ae | 


Note: A‘*” means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a * is the delay 
to correct data on an enabled output. A « shown without a number means the output is disabled by the input or it is enabled but the delay to 


correct data is determined by something else. 
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Guaranteed Set-up and Hold Times 
To = —55°C to +125°C, Voc = 4.5V to 5.5V 


All Functions 


CAUTION: READ NOTES TO TABLE B. NA = Not Applicable; no timing constraint. 


HIGH-to-LOW 


With Respect 
to this Signal 


Clock 
Clock 














Clock 


LOW-to-HIGH 


Comment 
To store Y in RAM or Q 











To Prevent Writing 
To Write into RAM 














A, B as Sources Clock 








See Note 3 









B as a Destination Clock and WE both LOW 





To Write Data only into 
the Correct B Address 













QlOp, AIO; 








To Shift Q 











18765 








TEN HIGH 











To Prevent Writing into Q 














IEN LOW 












143210 


Notes: 


1. For set-up times from all inputs not specified in Table IV B, 


the set-up time is computed by calculating the delay to stable 
Y outputs and then allowing the Y set-up time. Even if the 
RAM is not being loaded, the Y set-up time is necessary to 
set-up the Q register. All unspecified hold times are less than 
or equal to zero relative to the clock LOW-to-HIGH edge. 

. WE controls writing into the RAM. IEN controls writing into Q 
and, indirectly, controls WE through the write output. To pre- 
vent writing, IEN and WE must be HIGH during the entire clock 
LOW time. They may go LOW after the clock has gone LOW to 
cause a write provided the WE LOW and IEN LOW set-up 
times are met. Having gone LOW, they should not be returned 
HIGH until after the clock has gone HIGH. 


TABLE IV C 
Guaranteed Enable/Disable Times 
To = —55°C to +125°C, Voc = 4.5V to 5.5V 
All Functions 


To Write into Q 














SIO, SIO3 





QlOp, AIO; 





Alo, Alo; 





WRITE 


Note: 


1. C,, = 5.0pF for output disable tests. Measurement is made to a 0.5V 


change on the output. 


See Note 6 





. Aand B addresses must be set-up prior to clock LOW transi- 


tion to capture data in latches at RAM output. 


. Writing occurs when CP and WE are both LOW. The B ad- 


dress should be stable during this entire period. 


. Because lIg7¢5 control the writing or not writing of data into 


RAM and Q, they should be stable during the entire clock LOW 
time unless IEN is HIGH, preventing writing. 


. The set-up time prior to the clock LOW-to-HIGH transition 


occurs in parallel with the set-up time prior to the clock HIGH- 
to-LOW transition and the clock LOW time. The actual set-up 
time requirement on I43019, relative to the clock LOW-to-HIGH 
transition, is the longer of (1) the set-up time prior to clock 
L + H, and (2) the sum of the set-up time prior to clock 
H —> Land the clock LOW time. 


TABLE IV D 
Guaranteed Clock and Write Pulse Characteristics 
To = —55°C to +125°C, Voc = 4.5V to 5.5V 
All Functions 


Minimum Ciock LOW Time 
Minimum Clock HIGH Time 


Minimum Time CP and WE 
both LOW to Write 
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TABLE IV E-0 
Guaranteed Combinational Delays 
To = —55°C to +125°C, Voc = 4.5V to 5.5V 
Unsigned Multiply Instruction 
(Ig765 = OH 14321 =-O}; Io = 9) 









Ql S109 


Parity 





Slice 
Position 


IS, LSS 
MSS 
IS, LSS 


a 


($4) 
a 
| oi oO 
_ > 
= 
2 
= 
m 
2 
(e) 
Les) 


Y Cn+ 
93 
93 
62 - 


62 





ij2/2 
a1 5 






A, B Address 
(Arith. Mode) 











Q| ol] © 
AININ 


fo) 


© 
a= 








N 


IS, LSS 


a 
© 





IS, LSS 


tfaq 

on 

a Pepe Ey: 
xia 

_ | ot 

* | * 


p 
“I 


oOo; o|o 
o;o 
NUN 
co) oe 


71% 











LSS 
MSS 


LSS 
fe 
Css 


IS, LSS 


Ss 

| 
Any 
Any 







100 
100 





im | | oe | ox 
oa N“ Q 


_ 
= | 
for) 

NN 

G| @ 

* | ¥ 


~ 
a 


8: 
NINITN 
a] a} 
# |e |x 


pb 
ive] 


_ 
o 





i) 
aS 


ey 
ep fale : 
~J 
‘ 
NN © 
N/ + 


Nj 


S103, SIOg 





F=S+C,ifZ=0 
S$+RA+Cp,ifZ=1 

Y3 = Cn+4 (MSS) 

Z = Qo (LSS) 


Notes: 1. A‘‘«” means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a * is the 
delay to correct data on an enabled output. A » shown without a number means the output is disabled by the input or it is enabled but the 
delay to correct data is determined by something else. 

2. A“—” means the delay path does not exist. 
3. Data in bold face is different from Table A; other data is the same. 
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TABLE IV E-2 
Guaranteed Combinational Delays 
To = —55°C to +125°C, Voc = 4.5V to 5.5V 
Two’s Complement Multiply Instruction 


(Ig765 = 2H, 14301 = Oy, Ip = 9) 





Slice 
Position 






n+4 


ive] 
(75) 


al< | 






A, B Address 
(Arith. Mode) 

























a 
fo) 


eainis 
ala | o 34 
rm} | o 

aN a], | @ 

ro) = rs 








WO} a 
oa tom 
| 


















© 
NJ 


hla! oa 
© 
N 








N 
























t-:] 
o 


Z 


TEN 
S103, SIOg 


F=$+C,ifZ=0 

$+R+Cy,isZ=1 
Y3 = Fg © OVR (MSS) 
Z = Qo (LSS) 


o|e|e!le r 





N 





Notes: 1. A “x” means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a « is the 
delay to correct data on an enabled output. A « shown without a number means the output is disabled by the input or it is enabled but the 
delay to correct data is determined by something else. 

2. A“—" means the delay path does not exist. 
3. Data in bold face is different from Table A; other data is the same. 
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A, B Address 
(Arith. Mode) 


TABLE IV E-4 
Guaranteed Combinational Delays 
To = —55°C to +125°C, Voc = 4.5V to 5.5V 
Increment by One or Two Instruction 


(Ig765 = 4H: 14321 = On, Io = 0) 











DA, DB Inputs 





EA 


Slice 
From Input Position Sais 
; 101 
ith. IS, LSS 101 
IS, cs 





























I4321 


lg765 


Clock 


Z 


Y 
TEN 
S103, SIOo 


F=S+1+Cy, 


= aoe 
. = 
















Bi LSS 40 
IS 73 
LSS 73 
MSS 
































aia sala 
Ld Np 





LSS | 72 | 
MSS | 89 | 
IS, LSS | 89 
MSS 


IS, LSS 


Notes: 1. A ‘“*" means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a * is the 
delay to correct data on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the 
delay to correct data is determined by something else. 

2. A‘“‘~" means the delay path does not exist. 
3. Data in bold face is different from Table A; other data is the same. 
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TABLE IV E-5 
Guaranteed Combinational Delays 
To = —55°C to +125°C, Voc = 4.5V to 5.5V 
Sign Magnitude/Two’s Complement Conversion 
(Ig765 = 5H, 14321 = Oy, Ip = 0) 


Slice QIOg SIO9 
Position | Y | Cyhig Z (s) OVR WRITE; QIOz SIO3 | Parity 
| 23 | - | 7 = z 


A, B Address 143 52 — 148 
(Arith. Mode) - - 148 


107 
a = 107 


























DA, DB Inputs 











EA 

















Ch 























l4321 








18765 














Clock 





Z 


TEN 
S103, SIOg 


F=S+C,ifZ=0 


S+Chifz=1 
Y3 = S3 @ Fz (MSS) 
Z = S3 (MSS) 


Notes: 1. A“*” means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a x is the 
delay to correct data on an enabled output. A « shown without a number means the output is disabled by the input or it is enabled but the 
delay to correct data is determined by something else. 

2. A ‘“—” means the delay path does not exist. 
3. Data in bold face is different from Table A; other data is the same. 
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TABLE IV E-6 
Guaranteed Combinational Delays 
Tc = —55°C to +125°C, Voc = 4.5V to 5.5V 
Two’s Complement Multiply, Last Cycle 


(Ig765 = 6H: 14321 = OH; Io = 9) 







Slice 
Position 


SIOo 
Parity 









To Output 
From Input 


A, B Address 
(Arith. Mode) 


a 
< 
= 8] 



























ar] or} DD] OD] OO} oO 
Ola; A; RI NIN 


DA, DB Inputs 














EA 














os 
ISDOGCRoGe 






































eo ao 










L 


N“N o 


(¢3] 
Le) 


Le) 
[sie 
np |=] |] 


IS, LSS 


TEN 


Any 
S103, SIOg 





no 
to>) 


Any 


N 





F=S+C,ifZ=0 
S$-R-1+CpisZ=1 

Y3 = (OVR @ F3) MSS 

Z = Qo (LSS) 


Notes: 1. A ““*” means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a * is the 
delay to correct data on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the 
delay to correct data is determined by something else. 

2. A“—" means the delay path does not exist. 
3. Data in bold face is different from Table A; other data is the same. 
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TABLE IV E-8 
Guaranteed Combinational Delays 
To = —55°C to +125°C, Voc = 4.5V to 5.5V 
Single-Length Normalize Instruction 


(1g765 = 8H, 14321 = OH) Io = 0) 
Slice 

Position 
A, B Address MSS 
(Arith. Mode) Is, LSS 

M Al 
DA, DB Inputs = 

IS, LSS 63 
oes MSS 60 
EA 
Cc 


' 


—_ | ab 
olo 
—h | at 
oo 
Oa 
Bl 
BR 


a 
oO 
| & 


n+4 











fon) 
2| 
Q 
oO 
| 








=>) 
oO 
a 
a 





133] 
o>) 
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on 
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| 40 | 30 | 
Mss 72 60 
eee 
IS 72 60 60 
LSS 60 60 
mss | 67 | 58 | - 
s o7 | 58 | #2 | 
mss | 89 | 53 | - | 
Mss 
IS, LSS 
Any 





F=S+Cp 
Cn+4 = Q3 © Qe (MSS) 
OVR = Qo @ Q, (MSS) 
N = Q3 (MSS) 


Z = Q9Q1Q2Q3 


Notes: 1. A“*” means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a * is the 
delay to correct data on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the 
delay to correct data is determined by something else. 

2. A “—” means the delay path does not exist. 
3. Data in bold face is different from Table A; other data is the same. 
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Am2903 * Am29203 


TABLE IV E-A 
Guaranteed Combinational Delays 
Tc = —55°C to +125°C, Voc = 4.5V to 5.5V 
First Divide Operation (Double Length Normalize) 
(Ig765 = An; I4321 = 9H; lo = 9) 












































































To Output Slice QIOo SIOo 
From Input Position | Y | Cy+4 OVR RITE} Ql03 Parity 
A, B Address = 7 130 
(Arith. Mode) Is, LSS - 106 
DA, DB Inputs ile - . ar 
EA : 
ers — 
lo as 
; = 
14321 = 
— = 
'e765 es pt + |} 
imerateees ce eee ee eee 
= eae 
eile Z is an output 
Z is an output 
EN il ites eal ctl eee Ras 
S103, SIO a ae StS ia Ee 
F=S+Cy, 
N = Fy (MSS) 


$103 = Fz ® R3 (MSS) 
Z = Q0Q1Q203F oF 1FaF3 
Cn+4 = F3 © Fo (MSS) 


OVR = Fo @ F; (MSS) 


Notes: 1. A“ *" means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a « is the 
delay to correct data on an enabled output. A *« shown without a number means the output is disabled by the input or it is enabled but the 
delay to correct data is determined by something else. 

2. A“—" means the delay path does not exist. 
3. Data in bold face is different from Table A; other data is the same. 
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Am2903 * Am29203 


TABLE IV E-C 
Guaranteed Combinational Delays 
To = —55°C to +125°C, Voc = 4.5V to 5.5V 
Two’s Complement Divide Operation 
(Ig765 = CH 14321 = 9H; Io = 0) 


aan MIRITE | GOs 


52 
















Slice 
Position 
A, B Address MSS 
(Arith. Mode) IS,LSS_. 


DA, DB Inputs 

















EA 






























































F=S+R+C,ifZ=0 
S-R-1+ChifZ=1 

SIO3 = F3: o>) R3 (MSS) 

Z = F3 @ Rg (MSS) from previous cycle 


Notes: 1. A‘‘*” means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a * is the 
delay to correct data on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the 
delay to correct data is determined by something else. 

2. A ‘‘—” means the delay path does not exist. 
3. Data in bold face is different from.Table A; other data is the same. 
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Am2903 « Am29203 


TABLE IV E-E 
Guaranteed Combinational Delays 
To = —55°C to +125°C, Voc = 4.5V to 5.5V 
Two’s Complement Divide, Correction 
(Ig7e5 = Ey, 4321 = OH; Io = 0) 

















To Output Ql SIO 
VV Cnag WRITE | Qi03 Parity 
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Slice 
Position 
| Mss | 101 | 


IS, LSS 101 


ss 
IS, LSS 


A, B Address 
(Arith. Mode) 
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b roy = 
_ 
1;o 
SX) 
> 
oO 
o 
— — 


oO 
i) 


DA, DB Inputs 









oO 
Nj 





: 


1S, LSS 


! 


on 
— 


IS, LSS 


E 
oO 








Oo 


| 
“J 


ie] 














r 
n 
Oo 
@ 


rc 
wn n n 






© o10) & 
a Olan)! o 
=| @| © o 


~ 
3 
ao N“ 
= 
i _ 
EE 


a 
b= | © 
°o o 
E 
ENS 
| 
N 
a 
2 
a 
a 
g|8 
c 
| 
® 
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fe 


= 
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Ss 


sv 
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r 
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~“_ ie] 

to -] a 

oe 
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IS, LSS 
MSS utp’ 


IS, LSS 7 








Any 


SIO3, SIOg Any 





F=R+S+C,ifZ2=0 
S-R-1+C,ifZ=1 
Z = F3 @ Rg (MSS) from previous cycle 


Notes: 1. A ““*" means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown witha « is the 
delay to correct data on an enabled output. A *« shown without a number means the output is disabled by the input or it is enabled but the 
delay to correct data is determined by something else. 

2. A‘“‘—” means the delay path does not exist. 
3. Data in bold face is different from Table A; other data is the same. 
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Am2903A 


The Superslice® 


ADVANCED INFORMATION 













DISTINCTIVE CHARACTERISTICS 


e@ Second generation of Am2903 Superslice® — 
Improved design/process results in fastest version of the 
Am2903. 


e Plug-in replacemert for Am2903 — 
The Am2903A is a pin-for-pin replacement for the original 
version of the Am2903. Only the switching speeds have 
changed. 


At least 30% faster — 
The design objective is for the AM2903A to be at least 30% 
faster than the original Am2903 on critical paths. 
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Am2904 


Status and Shift Control Unit 





DISTINCTIVE CHARACTERISTICS 


e Replaces most MSI used around any ALU including the 
Am2901, Am2903 and MSI ALUs. 


e Generates Carry-in to the ALU 
Carry signal is selectable from 7 different sources. 


e Contains shift linkage multiplexers 
Connects to shift lines at the ends of an Am2901 or Am2903 
array to implement single and double length arithmetic and 
logical shifts and rotates — 32 different modes in all. 


® Contains two edge-triggered status registers 
Use for foreground/background registers in controllers or as 
microlevel and machine level status registers. Bit manip- 
ulating instructions are provided. 

e@ Condition Code Multiplexer on chip 
Single cycle tests for any of 16 different conditions. Tests can 
be performed on either of the two status registers or directly on 
the ALU output. 














DESCRIPTION 


The Am2904 is designed to perform all the miscellaneous func- 
tions which are usually performed in MSI around an ALU. These 
include the generation of the carry-in signal to the ALU and carry 
lookahead unit; the interconnection of the data path, auxiliary 
register, and carry flip-flop during shift operations; and the stor- 
age and testing of ALU status flags. These tasks are ac- 
complished in the Am2904 by three nearly independent blocks of 
logic. The carry-in is generated by a multiplexer. The shift link- 
ages are established by four three-state multiplexers. There are 
two registers for storing the carry, overflow, zero, and negative 
status flags. The condition code multiplexer on the Am2904 can 
look at true or complement of any of the four status bits and 
certain combinations of status bits from either of the storage 
registers or directly from the ALU. 


For additional applications refer to Chapter 4 of “Build A Mi- 
crocomputer,” the AMD application book on bipolar micro- 
processors. 
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BASIC FEATURES OF Am2904 


All the logic shown except the array of 2901s or 
2903s is contained in the Am2904. 
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Am2904 




































































Am2904 ARCHITECTURE 


The Am2904 Status and Shift Control Unit provides four 
functions which are included in all processors. These are: 
a) Status Register, b) Condition Code Multiplexer, c) Shift 
Linkages and d) Carry-in Control. The architecture and in- 
struction codes have been designed to complement the flexi- 
bility of the 2900 Family. 


Status Register 


The Am2904 contains two four-bit registers which can store 
the status outputs of an ALU: Carry (C), Negative (N), Zero 
(Z), and Overflow (OVR). They are designated Micro Status 
Register (uSR) and Machine Status Register (MSR). Each 
register can be independently controlled. The registers use 
edge-triggered D-type flip-flops which change state on the 
LOW to HIGH transition of the Clock Input. 


The «SR can be loaded from the four status inputs (Ic, In, Iz, 
lov) or from the MSR under instruction control (Ip-5). The 
bits in the ~SR can also be individually set or reset under in- 
struction control (Ig.5). When the CEx input is HIGH, the «SR 
is inhibited from changing, independent of the Ip_5 inputs. 


The MSR can be loaded from the four status inputs (Ic, In, Iz, 
lovr), from the «SR, and from the four parallel input/output 
pins (Yc, Yn, Yz, Yovr) under instruction control (Io_5) .The 
MSR can also be set, reset or complemented under instruc- 
tion control (I9_s5). The bits in the MSR can be selectively up- 
dated by controlling the four bit-enable inputs (Ez, En, Ec, 
Eovr) and the CEy input. A LOW on both the CEyy input and 
the bit enable input for a specific bit enables updating that bit. 
A HIGH on a given bit enable input prevents the corresponding 
bit changing in the MSR. A HIGH on CE, prevents any bits 
changing in the MSR. 





The four paraliel bidirectional input/output pins (Yz, Yn, Ye: 
Yovar) allow the contents of both the ~SR and the MSR to be 
transferred to the system data bus and also allows the MSR to 
be loaded from the system data bus. This capability is used to 
save and restore the status registers during certain subroutines 
and when servicing interrupts. 


Condition Code Multiplexer 


The Condition Code Multiplexer output, CT, can be selected 
from 16 different functions. These include the true and com- 
plemented state of each of the status bits and combinations of 
these bits to detect such conditions as ‘‘greater than”, 
“greater than or equal to”, “less than” or “less than or equal 
to” for unsigned or two's complement numbers. 


The Am2904 can perform these tests on the contents of the 
SR, the MSR or the direct status inputs, (Iz, In, Ic, lovr)- 
The CT output is used as the test (CC) input of the Am2910 
and is provided with an output enable, OEc¢7 to make the ad- 
dition of other condition inputs to this point easy. 





Shift Linkage Multiplexer 


The Shift Linkage Multiplexer generates the necessary link- 
ages to allow the ALU to perform 32 different shift and rotate 
functions. Both single length and double length shifts and ro- 
tates, with and without carry (Mc), are provided. When the SE 
input is HIGH, the four input/output pins (SIOo, SIO,, QlOo, 
QIO,) are disabled. The S!IOp, SIOn, QIOp9, QIO, pins of the 
Am2904 are intended to be directly connected to the RAMo, 
RAMs3, Qo and Q3 pins of the Am2901 or the SIOg, SIO3, QIOp, 
QIO3 pins of the Am2903. 


Carry-In Control Multiplexer 


The Carry-In Control Multiplexer generates the Cy output 
which can be selected from 7 functions (0, 1, Cx, 4c, Mc, ec: 
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Mc). These functions allow easy implementation of both single 
length and double length addition and subtraction. The Cx 
input is intended to be connected to the Z output of the 
Am2903 to facilitate execution of some of the Am2903 special 
instructions. The Co pin is to be connected to the C, pin of 
the least.significant Am2901 or Am2903 and the C, pin of the 
Am2902A. 


Am2904 INSTRUCTION SET 
The Am2904 is controlled by manipulating the 13 instruction 


by connecting certain lines together, or by decoding mic- 
roinstructions to generate appropriate Am2904 controls. 


Status Registers 

Instruction lines Is, I4, Iz, tz, 14, Ip control the Status Registers. 
Below, these lines are referred to as two octal digits. 

Micro Status Register (uSR) 


The instruction codes for the Micro Status Register fall into 
three groups: Bit Operations, Register Operations and Load 
Operations (See Table 1 and Map 1). All operations require 


TABLE 1. MICRO STATUS REGISTER 
INSTRUCTION CODES. 


Bit Operations 





pSR 
Operation 


1543210 
Octal 













0 > Kz RESET ZERO BIT 

1 > pz SET ZERO BIT 

0 > uc RESET CARRY BIT 

1 > uc SET CARRY BIT 

0 > uN RESET SIGN BIT 

1 > uN SET SIGN BIT 

0 > Kovr\ RESET OVERFLOW BIT 
1 + HovR SET OVERFLOW BIT 





Register Operations 


I SR 

prea le i : Comments 
Octal Operation 

00 Mx > Bx 


LOAD MSR TO SR 
MX SET «SR 
LX REGISTER SWAP 
RESET wSR 








tidy 





Load Operations 












uSR 
Operation 





1543210 
Octal 






Iz > Bz 
Ic > Ke 
In > #N 
love + Hove — HOVR 






LOAD WITH 
OVERFLOW RETAIN 













“> BZ 
> BC 
—> BN 











LOAD WITH 
CARRY INVERT 


LOAD DIRECTLY 
FROM 


Iz, Ic. In: love 






lovR > HovRA 


Note: The above tables assume CE p is LOW. 





lo10 


LOAD WITH 
OVERFLOW 
RETAIN 


RESET SET RESET SET 
EN EN HOVR HOVR 











LOAD WITH 
CARRY INVERT 


LOAD WITH 
CARRY INVERT 


LOAD WITH 
CARRY INVERT 





Notes: 1. All unmarked locations are a load 
direct from 12, Ic, In, lovr: 


that CE be LOW to operate. 


Instruction Codes 10, to 17g are BIT operations. These oper- 
ations set or reset the individual bits in the ~SR. 


Instruction Codes 00g to 03g are REGISTER operations. 
These operations affect all bits in the uSR. 


00, This instruction loads the wSR with the contents of 
the MSR while loading the MSR from the Y inputs 
and is further explained under “INTERRUPTS”. 


O1g This instruction SETS all «SR bits. 


02, This instruction SWAPS the contents of the uSR 
and the MSR. It will also COPY one register to the 
other if the register to be copied is not enabled. 


03g This instruction RESETS all «SR bits. 


All instruction codes except those mentioned in the 
above two sections cause a LOAD operation from 
the tz, Ic, In, love inputs. 


06g, 07g When a series of arithmetic operations are being 
executed sometimes it is not necessary to test for 
an overflow condition after each operation, but 
rather it is sufficient simply to know that an overflow 
occured during any one of the operations. Use of 
these instructions captures the overflow condition by 
loading the ~SR overflow bit with the LOGICAL OR 
of its present state and Ioyvr_. Thus, once an over- 
flow occurs, ZOVR will remain set throughout the 
remaining operations. 


30g, 313, These instructions cause a load from the | inputs, 

50g, 51g, but invert the carry bit. The reason for this is 

70g, 71g explained more fully under the “BORROW SAVE” 
section. 


All The remaining instructions load the «SR directly from 
others the lz, Ic, In, lov” inputs. 
Machine Status Register (MSR) 


The instruction codes for the MSR fall into two groups; REG- 
ISTER Operations and LOAD Operations. All operations re- 
quire that CE, be LOW to operate (See Table 2 and Map 2). 





MAP 1. MICRO STATUS REGISTER INSTRUCTION CODES. 


Am2904 





BIT operations are accomplished by the use of Register or 
Load Operations with the Ez, Ec, Ey, Eovr inputs selectively 
set LOW. 


Instruction codes 00g-03g and 05g are REGISTER operations. 


They affect only those bits enabled by Ez, Ec, Ey, Eovn. 


00, This instruction loads the MSR from the Y inputs 
while transferring the present contents to the «SR. 
The use of this instruction is further explained under 


“INTERRUPTS”. 
01, This instruction SETS all enabled MSR bits. 
02, This instruction SWAPS the contents of the uSR 


and the MSR. It will also COPY one register to the 
other if the register to be copied is not enabled. 


03, This instruction RESETS all enabled MSR bits. 


05, This instruction ‘COMPLEMENTS all enabled MSR 
bits. 


All instruction codes except those mentioned in the above 
section cause a LOAD operation from the Iz, Ic, In, lov” in- 
puts. 


04. The Am2904 Shift Linkage Multiplexer allows for 
shifts and rotates through the MSR CARRY bit. 
Some machines require a shift or rotate through the 
OVERFLOW bit. By using‘this code, which swaps 
the contents of the MSR CARRY bit (Mc) and 
OVERFLOW bit (Moya), the shift or rotate can be 
made to appear to take place through the OVER- 
FLOW bit. The procedure is to swap the bits, shift 
or rotate (any number or positions) then swap the 
bits again. 


TABLE 2. MACHINE STATUS REGISTER 
INSTRUCTION CODES. 
Register Operations 




























Isasa10 — Comments 
Operation 
LOAD Yz, Yc. Yn, Y, 

Yy > My TO MSR C: ™'N: TOVR 
1—> My SET MSR 

02 bx —> My REGISTER SWAP 

03 o> Mx RESET MSR 

05 My > Mx INVERT MSR 


Load Operations 







Comments 





LOAD FOR SHIFT 
THROUGH OVERFLOW 
OPERATION 














LOAD WITH 
CARRY INVERT 















LOAD DIRECTLY 
FROM Iz, Ic 
In» love 


20-27 
32-37 






love > Mover 


Notes: 1. The above tables assume CEy, Ez, Ec, En, Eova are 
LOW. 
2., A shift-through-carry instruction loads Mc irrespective of 


i5-Io: 








——---————— 


Am2904 


MAP 2. MACHINE STATUS REGISTER 
INSTRUCTION CODES. 





LOAD WITH 
CARRY INVERT 


LOAD WITH 
CARRY INVERT 


CARRY INVERT 


LOAD WITH | 


LOAD WITH 
CARRY INVERT 


Note 1. All unmarked locations are a load direct from Iz, Ic, Inve; IN- 


063,07, These instructions load the MSR directly from the 


125-27, 
325-47, 
526-67, 
725-775 


lz, Io, In: love inputs. 


TABLE 4. CONDITION CODE OUTPUT (CT) INSTRUCTION CODES. 











I; — 0 
HEX 
0 0 0 O O | (Hn ®@Hove_) + Hz (4n © Hove) + #z (Mu @ Movr) + Mz (In ® love) + Iz 
1 0 0 O 1 | (Nova) * 2z (4n@uove) * Bz (My© Moya) * Mz (In© love) * Iz 
2 0 0 1 O | #n®rove uN ® Hove Mn @® Mover In® love 
3 0 0 1 1 | #NOHOvR HNOHOVR Mn© Mover IN@ love 
4 0 1 0 0 KZ 2 Mz Iz 
5 oO 1 0 1 | &z Ez Mz Tz 
6 oO 1 4 @ HOVR Mova lovr 
7 o 1 1 1 Hover Mover Tovar 
8 20% 28? 40 uc + Hz Mc + Mz le + Iz 
9 i [05° O° 3 Mc +Mz lorlz 
A e 0o O ® 
8 1 9@an Al a4 
c 49 eS Ge, 0 
D > ee Or 
E . “Be iD 
F 1. Ae 
_ 























Notes: 1. @ Represents EXCLUSIVE-OR 
@ Represents EXCLUSIVE-NOR or coincidence. 























10g, 11g 
30g, 31g 
50g, 51g 
705.715 


These instructions cause a load from the | inputs 
but invert the CARRY bit. The reason for this is 
explained more fully under the “BORROW SAVE” 
section 


Condition Code Multiplexer 


The four instruction lines I3, lz, 11, Io will select one of 16 pos- 
sible operations to be carried out on the input bits, the result 
being routed to the Conditional Test Output (CT). Eight of the 
operations supply an individual status bit or its complement to 
the CT output. Another four do more complex operations while 
the remaining four are the complemented results of these 
(See Table 4). 


TABLE 3. Y OUTPUT INSTRUCTION CODES. 


¥oupat [comment 


Output Off 
High Impedance 












See Note 1 








Notes: 1. For the conditions: 


55 14, Iz, lo, |y, Ip are LOW, Y is an input. 
OEy is “Don't Care” for this condition. 
2. X is “Don't Care” condition. 































TABLE 5. CRITERIA FOR COMPARING TWO NUMBERS FOLLOWING “A MINUS B” OPERATION. 





Relation 
A=B 





A28 


A<B |. 
A>B 
































hee fo Cezer | oe | 


® = Exclusive OR H = HIGH 
©) = Exclusive NOR L = LOW 


5 
ae ke ie ise 
2 NOOG a ee ee 
N @ OVR 2 3 
,wooweye? i | oe 
(N @ OVR) +Z=1 0 1 





Note: For Am2910, the CC input is active LOW, so use I3.9 code to produce 
CT = L tor the desired test. 


















The more complex operations are intended to follow the calcu- 
lation A-B to give an indication of which is the larger (A, B un- 
signed) or more positive (A, B in 2’s complement form). See 
Table 5. 


The two instruction lines I4, I; select whether the “SR, the 
MSR or the direct inputs fz, Ic, Ij, loya are used as the inputs 
to the Y output buffer and the CT output (see Tables 3 and 4). 


Instruction codes 16g and 17, form the EXCLUSIVE — OR 
and the EXCLUSIVE — NOR functions of My and Iy. The use 
of these instructions is explained under “NORMALIZING” 


Shift Linkage Multiplexer 


The five instruction lines 149, I, Ig, Iz, Ig control the SHIFT 
LINKAGE multiplexer. All instructions set up the linkages for 
both the ALU shifter (RAM shifter on the Am2901A) and the Q 
register. 


UP and DOWN shifts are decided by ly which should be 
connected to Ig of the Am2903’s instruction lines or I7 of the 
Am2901's instruction lines. A wide range of input and. output 
connections are provided, allowing for single or double length 
shifting or rotating with or.without the use of the MSR CARRY 
or SIGN bits (See Table 7). 


In the following discussion of some of the shifts the instruction 
codes are given as two octal digits AB; A represents l49, Ig, B 
represents lg, I7, lg. 


When adding and down shifting on the same microcycle, (i.e. 
when doing multiplication or averaging) the shifter input must 
be the present CARRY, ic, rather than the carry resulting from 
the last cycle (Mc). Instruction Code 13g accomplishes this for 
unsigned arithmetic. For 2’s complement arithmetic, the re- 
quired shifter input is: iy ® loyr. This is provided by Instruc- 
tion Code 16g. 


Instruction Codes 143, 15g, 17g provide the RIGHT ROTATE 
THROUGH CARRY, ROTATE BRANCH CARRY and RO- 
TATE WITHOUT CARRY functions respectively. 


Instruction Codes 343, 35g, 37g provide the LEFT ROTATE 
THROUGH CARRY, ROTATE BRANCH CARRY and RO- 
TATE WITHOUT CARRY functions respectively. 


The shift outputs are in the high impedance state unless SE is 
LOW. 

Loading of the Mc bit by a shift operation overrides any load- 
ing or holding of the Mc bit by MSR Instructions (los, CEy 
and Ec). 

“CARRY-IN” Control Multiplexer 

The two instruction lines I,2, !44 control the source of the 
CARRY output (Co). 

When lyo =0 Co = yy 

When Iy2 = 1 and 1,4:= 0, the external carry input Cy is. pre- 
sented to the carry output. 

When ly2 = I44 = 1 the carry output is selected from wc , Hc, 
Mc or Mc as defined by ls, 13, lo, |, (See Table 6). 


APPLICATIONS INFORMATION 


Borrow — Save 


One of the capabilities of the Am2900 Family is the complete 
emulation of other processing machines. One requirement of 
an emulator is that, when a calculation is being performed, not 
only must the answer obtained from the Am2900 chips be the 
same as that from the machine being emulated; but after each 
machine level instruction, the status bits must be indentical. 





Am2904 


TABLE 6. CARRY-IN CONTROL 
MULTIPLEXER INSTRUCTION CODES. 
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Io tat 

0 0 x x X 

0 1 X x x 

1 ) x x x 

1 1 0 0 x 
1 0 x 1 
1 0 x x 
1 0 1 0 
1 1 0 x 
1 1 x 
1 1 x Xx 
1 1 1 0 





There are alternative methods for subtracting in a digital 
machine and the state of the CARRY after the calculation de- 
pends on the method. For instance, the subtraction of 0100 
from 1010 by the 2’s complement add method generates a 
result of 0110 with a CARRY. Direct subtraction however, 
yields an answer of 0110 with no BORROW. 


Many machines store the state of the CARRY for subtract op- 
erations, and this is the recommended method for maximum 
effective use of the Am2904, but, to allow those machines 
which store the BORROW to be efficiently emulated, the 
Am2904 has allocated special instructions. Using these codes 
causes the CARRY bit to be inverted before storage in the 
status registers and also re-inverts these status bits before 
using them as carry inputs. These codes are 10g, 11g, 30g, 
313, 50g, 51g, 70g, 71g (Is—o). 


Notice that when these codes are used to load the inverted 
CARRY to either of the status registers, the CT output 
selected by the Condition Code Multiplexer assumes the 
CARRY is inverted and still defines whether A > B or A =< B 
(See Table 4). 


Similarly, when doing a compare on a machine which saves 
the borrow, testing for A > B, As B forces the complement of. 
the CARRY to be stored in the status registers (See Tables 1 

and 2). 


Normalizing 


Normalizing is the process of stripping off all leading sign bits 
until the two most significant bits are complementary. The 
Am2904 facilitates both single and double length normaliza- 
tion in the Am2901 and the Am2903. When using the NOR- 
MALIZE special instructions with the Am2903, the EXCLU- 
SIVE — OR of the most significant two bits is generated at the 
Cnh+.4 pin of the most significant Am2903. The EXCLUSIVE — 
OR of the two bits next to the most significant bit is also gen- 
erated at the OVR pin. The procedure for normalizing then is 
to loop on the normalize instruction with a branch condition on 
the C,.4 state or the OVR state, depending on the architec- 
ture employed. The C,,4 or OVR output is routed to the 
Am2910 CC input through the Am2904 Condition Code mul- 
tiplexer. As the contents of the status registers always refers 
to the last cycle, not the present one, the last operation in 
Normalizing is to downshift, bringing the sign bit (My) back 
into the most significant bit position. This is achieved using 
the shift operations 05, (l49-) for double length normalizing, 
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TABLE 7. SHIFT LINKAGE MULTIPLEXER INSTRUCTION CODES. 


Loaded 
into Mc 


Qlo, 
In ® lover 
QlO, 


MSB LSB MSB LSB 


DM es eee pt Do, Biel 
bea eS se 
A aes eas 
Ed) eet ae 


a 
NE 
a 


N N N N N N N N N N N N N N N 


OO 


L 
{ti 


i 
Healy & 


O 
io) 
N N N N N N N N N-N N N N N WN 


N 


Notes: 1. Z = High impedance (outputs off) state. __ 3. Loading of Mc from I19.6 overrides control from Is.o, CEm: Ec. 
2. Qutputs enabled and Mc loaded only if SE is LOW. 
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and 02g, for single length normalizing. For more details re- 
garding normalizing with the Am2903 see the Am2903 data 
sheet. 


The Am2901 does not have the EXCLUSIVE — OR gates to help 
with normalizing, so the Am2904 includes in the Condition Code 
multiplexer the EXCLUSIVE — OR and EXCLUSIVE — NOR 
functions of My (the sign bit resulting from the last operation) and 
In (the sign bit resulting from the present operation). 


interrupts 


Some machines allow interrupts only at the machine instruc- 
tion level while others allow them at the microinstruction level. 
The Am2904 is designed to handle both cases. 


When the machine is interrupted, it is necessary to store the 
contents of either the MSR (machine instruction level inter- 
rupts) or both the status registers. (micro instruction level inter- 
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rupts) into an external store. This transfer is intended to take 
place over the Y input/output pins (See Table 3). 


After the interrupt has been serviced the registers must be re- 
stored to their pre-interrupt state. This is accomplished by two 
operations of instruction 00g (Iso) which loads. the MSR from 
the Y inputs while loading the «SR from the MSR. Thus, the 
pre-interrupt contents of the wSR are first loaded to the MSR 
(first instruction 00g), then this data is transferred to the wSR 
while the MSR is restored to its pre-interrupt state (second in- 
struction 00g). , 


In controllers and some other microprogrammed machines the 
applications program itself is often in the microprogram mem- 
ory; that is, there is no macroinstruction set. These machines 
require only a microstatus register since there is no separate 
machine status. The MSR in the Am2904 can be used as a 
one-level stack on the microstatus register. When an interrupt 
occurs, the ~SR and the MSR are simply swapped (Is_9 = 
02g). 
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PIN DEFINITIONS 


OEy When LOW, this pin enables the Y pins as outputs. 

Zero status input pin, intended for connection to the When HIGH, the Y outputs are in the high impe- 
Z outputs of the Am2903 or the F = 0 ouputs of the dance state. 
Am2901. CT The conditional test output. The output of the Condi- 
Carry status input pin, intended for connection to the tion Code multiplexer appears here. 
Cn+4 output of the most significant ALU slice. OEcr When this pin is LOW, the CT pin is active. When 
Sign status input pin, intended for connection to the HIGH the CT pin is in the high impedance state. 
most significant ALU slice. The connection is to the ; ne : : 
N pin on the Am2903, and the F3 pin on the SIO,, These pins complete the linking for the various shift 
Am2901. SIO, and rotate conditions. SIO is intended for connec- 

; See - QIO, __ tion to the SIOp pin of the least significant Am2903 
Overflow status input pin, intended for connection to QIO, _ slice (RAMo for Am2901). SIO, connects to the SIO3 pin 
the OVR pin on the most significant ALU slice. of the most significant Am2903 slice, (RAM3 for 
The thirteen instruction pins which select the opera- Am2901). QlOg connects to the QIOp pin of the least 
tion the Am2904 is to perform. significant Am2903 slice (QIOg for Am2901) and QIO,, 
This pin, used in conjunction with Ez, Ec, Ew, Eova ae ea noah of the most significant Am2903 
acts as the overall enable for the machine status eae 3 : 
register. When the pin is LOW, MSR bits may_be SE This pin controls the state of the shift outputs. When 
modified, according to the states of Ez, Ec, En, LOW, the shift outputs are enabled. When HIGH, the 
Eovr. When HIGH, the MSR will retain the present shift outputs are in the high impedance state. 
state, regardless of the state of Ez, Ec, En, Eovr. Co This pin is the output of the Carry In control multi- 
These pins, when LOW, enable the corresponding plexer. It connects to the C, input of the least sig- 
bits in the Machine Status Register. When HIGH, nificant ALU slice, and the C,, input of the Am2902A. 
they will prevent the corresponding bits from chang- Cy This pin is used as an input to the Carry In Control 
ing state. By using these pins together with the CEy multiplexer which can route it to the Co pin. The Cx 
pin, MSR bits can be selectively modified. pin is intended for connection to the Z output of the 
This pin, when LOW, enables all four bits of the Am2903 to facilitate some of the Am2903 special in- 
Micro Status Register. When this pin is HIGH, the structions. 
Pen inet change-siate: CP The clock input to the device. The 4SR and MSR are 
These pins form a three-state bidirectional bus over modified on the LOW to HIGH transition of the clock 
which MSR and “SR status can be read out or the input. All other portions of the Am2904 are combina- 
MSR can be loaded in parallel. tional and are unaffected by CP. 

ORDERING INFORMATION 


Package 
Order Type 

Number (Note 1) 
AM2904PC P-40 
AM2904DC D-40 
AM2904DC-B D-40 
AM2904DM D-40 
AM2904DM-B D-40 
AM2904FM F-42 
AM2904FM-B F-42 
AM2904XC Dice 
AM2904XM Dice 

Notes: 


883, Class B. 
4. 96 hour burn-in. 


Operating 
Range 
(Note 2) 


ZO £222000 
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Order the part number according to the table below to obtain the de- 
sired package, temperature range, and screening level. 


Screening 
Level 
(Note 3) 


C-1 
C-1 
B-2 (Note 4) 
C-3 
B-3 
C-3 
B-3 
Visual inspection 





to MIL-STD-883 
Method 2010B. 


1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number follow- 
ing letter is number of leads. See Appendix. B for detailed outline. 
Where Appendix B contains several dash numbers, any of the 
variations of the package may be used unless otherwise specified. 

2. C = 0° to +70°C, Voc = 4.75V to 5.25V. 

M = —55°C to +125°C, Voc = 4.50V to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 con- 

form to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD- 
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CONNECTION DIAGRAMS LOGIC SYMBOL 
Top Views (DIP) 


DIP Flat Package 










lg 1@e \4 
CEm 2 Is 
EZ 3 Ig 
NC 4 CE. 
Iz 5 ly 
Veo 6 Ig 
Eo 7 Ig 
tc 8 ho I 
E,CJ9 SE Am2904 
In S10, ; 
Eovr Slo, 
NC Ql0, 
love alo, 
cP Yz 
Ig Yo 
hy GND 
OEY Yn 
lg Yovr 
Vid CT 
he OEcr 
Cy Co 
MPR-723 MPR-724 





Note: Pin 1 is marked for orientation. 


NC = No Connection. MPR-725 


Voc = Pin 10 
GND = Pin 30 





Am2904 Metallization and Pad Layout 


GND 
141312 11 109 








2627 28 29 30 31 32 33 3435 





DIE SIZE 0.140” X 0.161” 
Pad Numbers correspond to DIP pinout 
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Am2904 
MAXIMUM RATINGS (Above which the useful life may be impaired) 





























Storage Temperature —65°C to +150°C 
Temperature (Case) Under Bias | —_ oo. . =. —55°C to +125°C 
Supply Voltage to Ground Potential ae See ; ~0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State 7 - —_ —0.5V to Vec max. 
DC Input Voltage —_ : _. . —0.5V to +5.5V 
DC Output Current, Into Outputs a i ee 30mA 
DC Input Current ee ee ee eee ia . —30mA to +5.0mA 


OPERATING RANGE 


P/N Range Temperature Vcc 
Am2904PC, » QC COM'L u. = 0°C to +70°C Vec = 5.0V +5% (MIN. = 4.75V, MAX. = 5.25V) 





Am2904DM, FM. FM MIL = —55°C to.+125°C | Voc = 5.0V +10% (MIN. = 4.50V, MAX. = 5.50V) 





DC CHARACTERISTICS OVER OPERATING RANGE Typ. 


Parameters Description Test Conditions (Note 1) Min. (Note2) Max. Units 
























fon = —1.6mA Volts 
ee Yz: Yo. Yn. Yova 
Output HIGH Voltage yee Ns 2 lon = —0.8mA 
IN = MIHOFVIL | §1Q5, SIOp, QIO, Volts - 


QlOn, CT, co 



































































Output LOW Voltage Voc = MIN., lo: = 16mA (MIL) 
Vin = Vin OrViL [~ S109, QIOg, CT, Pe aaae 
SIOn, QIOn, CO Oo.” 
Input HIGH Voltage Guaranteed Input Logical HIGH Voltage for all Inputs ( (Note 7) 
Input LOW Voltage Guaranteed Input Logical LOW Votege fo for all eee (Note ee 
Input Clamp Voltage _ Vec = - MIN., in = 1 ama _ . 3 
cP 
Iz, Ie. In, love 
Input LOW Current eee ier Ig-l Bz Eo EN En 
Nes ate Ey, OEcr, 
Cx, Yz, Yo. Yu» Yovr 
SE, SIO, SIO, 
QlOp, Ql0n 
CP, Io-ly2. Es Ec, 


En. Eova, OEy, OEcr, Cx 





Input HIGH Current Veco = MAX. 


Vin = 2.7V 








Iz, Io IN. lovr: SE 
$10o, SIOn, QIOg, QIO, 
| a Yz2. Yo. Yn: Yovr 
Vee = = - MAX, VIN = 25) BV 


CT 





Input HIGH Current 














Off State (High Impedance) $10,, SIOn, SIOg, AIO, Vo = 2.4 




















Output Current Veo = MAS (Note 4) | Vo=05 | | 
Yz, Yo Yn: Yovr Vo = 2.4 
(Note 4) Vo = 0.5 
Output Short Circuit Current 
iors e Voc = 5.75V, V. Yo = 0.5V 
ek Olen es i ee 7 
= 0°C to +70°C 





Am2904PC, DC 
Ta = +70°C 


Voc = MAX. 
Te = —55°C to +125°C 
Am2904DM, FM 


Te = +125°C 


Power Supply Current 
(Note 6) 











Notes: 


. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 

. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

. These are three-state outputs internally connected to TTL inputs. Input Characteristics are measured with output enables HIGH. 

“MIL” = Am2904 XM, DM, FM. “COM'L” = Am2904 XC, PC, DC. 

. Worst case I¢c¢ is at minimum temperature. 

. These input levels provide zero noise immunity and should only be tested in a static, noise-free environment. 
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SWITCHING CHARACTERISTICS 


The tables below define the Am2904 switching characteristics. Tables A are set-up and hold times relative to the clock LOW-to- 
HIGH transition. Tables B are combinational delays. Tables C are clock requirements. All measurements are made at 1.5V with 
input levels at OV or 3V. All values are in ns. All outputs have maximum DC loading. 


TYPICAL ROOM TEMPERATURE CHARACTERISTICS (T, = 25°C, Vcc = 5.0V, C, = 50pF) 


A. Set-up and Hold Times (ns) B. Combinational Delays (ns) C. Clock Requirements (ns) 


















































From (Input) To (Output) | toa —_| Minimum Clock LOW Time 10 
Iz, In. love Iz Yz Minimum Clock HIGH Time 10 
[le (hy Ie by # 001) ic Ye 
N N 
Ic (ly Iz 13 = 001) love Yovr D. Enable/Disable Times (ns) 
CEn cP Yz, Yo. Yn. Yovr C, = 5.0pF for Output Disable Tests 
| cEm «la Is Yz, Yo: Yn: Yovr From To 


























ena | iad 

































































































































Ez, Ec, En, Eovr\ Cllecucloun. | ct (Input) (Output) 
lols cP CT CT 10 

lots cT SI0,, SIO, 
ode QlOo, QIOn, 
SE Cy Co 
Yz; Yo. Yn» Yovr cP Co 
(Ip-l5 = LOW 
SIOy, SIOp, QIO, 1,2,3,5,11,12 Co 

$1Op, QIOn $10, 

SIOg, QIOg SIO, 

Ic, In. love SIO, 

| Sl0,, AIO, QlO, 
S1Op, QIOg alo, 
a SI0p, SIOn 







QlOg, QIOn 


SI0p, SlOyé 
QlOo, Qi 













GUARANTEED ROOM TEMPERATURE GHARACTERISITICS (T, = 25°C, Voc = 5.0V, CL = 50pF) 
fl group 9 Tests) 
C. Clock Requirements (ns) 


Minimum Clock LOW Time 
Minimum Clock HIGH Time 


D. Enable/Disable Times (ns) 
C, = 5.0pF for Output Disable Tests 











Yz. Yc, Yn, Yovr 






























lartg Yz. Yo: Yn» Yovr To 




































































































































Iz, los IN; lovr_ =| CT (Output) Disable 
cP CT CT 20 
ils CT SIO9, SIO, 
= = a QIO,, Alo, 
Yz, Yo Yn» Yovr cP C aon ale" 
(Ip-15 = LOW) £ cecal 
SIOp, SIOn, QIOG 1.235.112 | Co eee 
S10p, QIOn S10, Yz. Yc: Yn: Yova 
S109, AIO, SIO, 
lec tn: lovin SIO, 
S1Op, QIO, Ql0, 
S105, QIO, QlOn 
oP aide, ale) 
SI0g, SIOp 





le-l1o Ql0,, AlOn 
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A. Set-up and Hold Times (ns) 


Input 
Io (Iq lo Ig #001) | 
| lo (ly Ip 1g = 001) 
CEu 









| 











GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 


(Ta = 0°C to +70°C, Veg = 4.75V to 5.25V, CL = 50pF) 


B. Combinational Delays (ns) 












| Yz. Yo. Yn Yovr | 





CE 
Ez, Ec, En, Eovr 











lo-is 








le-Lo 
SE 





OF O; oO; on an] oy oa on 








Yz. Yo: Yn, Yovr 
(Ip-I5 = LOW) 


SIOo, SIOn, QIO, 
np | 








ola Inlovr 
Ig (I Iz 1g A 001) 








Ic (Iq lo Ig = 001) 
CEu 
CEm 
ESE Ea 
_Fovr 











lorls 
lg-lio 
SE 










Yz, Yo. Yn, Yovr 
(Ip--5 = LOW) 


S109, SIOp, 
QIO, 
















































SI0p, QIO, 


_!c In. love 
SlOp, AIO, 
$I0p, QIOg 





QIO,, QIOn 


SIOy, SIOn 
QIO,, AIO, 


is 


Yovr 









4 ¥zi Von YNe YOwR: 4. PY 
Yz, Yo: Yn» Yovr 























§4,2,3,5.11,12 


































| S10n. AIO, 
| S105, QO, 

lo. IN lovr 

S1On, QIOp Ql0, 

SI0,,QI0, | alo, | 28. 
itr ae (ec (0 OT 

QIO,, AIO, 
‘| S109, SIO, 





QIOg, QIOn 


C. Clock Requirements (ns) 


Minimum Clock LOW Time 30 
Minimum Clock HIGH Time 30 





D. Enable/Disable Times (ns) 
C, = 5.0pF for Output Disable Tests 




















S109, SIOn 
QIOo, QIOn 





OEy 


S109, SIOn 
QIOg, QIOn 






lio 









Yz: Yc: Yn: Yovr 




































Yz; Yo: Yn, Yovr 





-ITARY OPERATING RANGE 
.4.5V to 5.5V, C, = 50pF) 


C. Clock Requirements (ns) 
Minimum Clock LOW Time 30 
Minimum Clock HIGH Time 30 





D. Enable/Disable Times (ns) 
C, = 5.0pF for Output Disable Tests 





































From To 
(Input) (Output) Disable 
OEctr CT 
=< $10, SIOn 
SE GIO, QiO) 34 16 
: i 
SIO, SIOn 
ho QIOy, AlOn 44 33 
OEy Yz, Yc. Yn; Yovr 28 21 
Yz, Yo. Yn: Yovr 
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MEMORY ADDRESS REGISTER Am2920 MEMORY ADDRESS REGISTER Am2920 
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ADDRESS BUS (16 BITS) 












Figure 1. Typical Application of Am2904 with Am2901. 
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MICROPROGRAM 


ADDRESS BUS (16 BITS' 






Figure 2. Typical Application of Am2904 with Am2903. 
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Am2905 


Quad Two-Input OC Bus Transceiver With Three-State Receiver 





Distinctive Characteristics 










Quad high-speed LS! bus-transceiver 
Open-collector bus driver 

Two-port input to D-type register on driver 

Bus driver output can sink 100 mA at 0.8V max. 


FUNCTIONAL DESCRIPTION 
The Am2905 is a high-performance, low-power Schottky 
bus transceiver intended for bipolar or MOS microprocessor 
system applications. The device consists of four D-type 
edge-triggered flip-flops with a built-in two-input multi- 
plexer on each, The flip-flop outputs are connected to four 
open-collector bus drivers. Each bus driver is internally con- 
nected to one input of a differential amplifier in the receiver. 
The four receiver differential amplifier outputs drive four 
D-type latches that feature three-state outputs. 


This LS! bus transceiver is fabricated using advanced low- 
power Schottky processing. All inputs (except the BUS in- 
puts) are one LS unit load. The open-collector bus output 
can sink up to 100 mA at 0.8V maximum. The BUS input 
differential amplifier contains disconnect protection diodes 
such that the bus is fail-safe when power is not applied. The 
bus enable input (BE) is used to force the driver outputs to 
the high-impedance state. When BE is HIGH, the driver is 
disabled. The open-collector structure of the driver allows 
wired-OR operations to be performed on the bus. 

The input register consists of four D-type flip-flops with a 
buffered common clock and a two-input multiplexer at the 
input of each flip-flop. A common select input (S) controls 
the four multiplexers. When S is LOW, the Aj data is stored 
in the register and when S is HIGH, the Bj data is stored. 
The buffered common clock (DRCP) enters the data into 
this driver register on the LOW-to-HIGH transition. 


Data from the A or B inputs is inverted at the BUS output. 


Likewise, data at the BUS input is inverted at the receiver 
output, Thus, data is non-inverted from driver input to 
receiver output. The four receivers each feature a built-in 
D-type latch that is controlled from the buffered. receiver 
Jatch enable (RLE) input. When the RLE input is LOW, the 
latch is open and the receiver outputs will follow the bus 
inputs (BUS data inverted and OE LOW). When the RLE 
input is HIGH, the latch will close and retain the present 
data regardless of the bus input. The four latches have three- 
state outputs and are controlled by a buffered common 
three-state control (OE) input. When OE is HIGH, the 
receiver outputs are in the high-impedance state. 


Receiver has output latch for pipeline operation 
Three-state receiver outputs sink 12 mA 

Advanced low-power Schottky processing 

100% reliability assurance testing in compliance with 
MIL-STD-883 . 





LOGIC SYMBOL 












Ap Bg Ay By Ag Bo 


s 








BE Am2905 








RLE 


OE 
BUS 









BUS; BUS, 



























Vec = Pin 24 
. GND, = Pin6 
GND» = Pin 18 





MPR-063 






CONNECTION DIAGRAM 
Top View 























Am2905 








Pi : : ion. 
Note: Pin 1 is marked for orientation MPR-064 
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LOGIC DIAGRAM 


BUS) BUS, BUS, BUS, EO 


SELECT so 


DRIVER 
clock ORCP o- 


BUS 
ENABLE 














RECEIVER 
Cfo————-O ARLE LATCH 
ENABLE 


BE 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 














Storage Temperature eae —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential , —— aa ; 7 _ —0.5V to +7V 
DC Voltage Applied to Outputs for HIGH Output State ais — —0.5V to +Voq max. 
DC Input Voltage i ae —0.5V to +7V 
DC Output Current, Into Outputs (Except Bus) ~ —- 5 30mA 
DC Output Current, Into Bus - 200mA 





DC Input Current —30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 


Am2905XC (COM’L) Ta =0°C to +70°C 
Am2905XM (MIL) 


VecMIN. = 4.75V VecMAX. = 5.25V 
Ta =—-55°C to +125°C = VeCMIN. = 4.50V VocMAX. = 5.50V 


BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


Typ. 
Test Conditions (Note 1) Min. (Note 2) Max. Units 


lot = 40mA 


Parameters Description 





Bus Output LOW Voltage lo. = 70mA 
lo, = 100mA 


Vo = 0.4V 











Bus Leakage Current Vcc = MAX. 


Vo = 4.5V 








Vo =4.5V 





(Power OFF) 











Receiver Input HIGH 
Threshold 











Bus enable = 2.4V 


ere aeieras 
| 





Receiver Input LOW 
Threshold 





Bus enable = 2.4V 
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Am2905 
ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 


Am2905XC (COM’L) Ta =0°C to +70°C VecMIN.=4.75V VogMAX. = 5.25V 
Am2905XM MIL) Ta =—85°C to +125°C VegMIN.=4.50V VeGMAX. = 5.50V 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 





































































































Receiver Output Voc = VIN MIL, Igy = -1.0mA Volts 
HIGH Voltage VIN =ViLor Vin COM'L, loy = —2.6mA 2.4 3.4 
‘ at lol =4mA 0.27 0.4 | 
Receiver Output cc * . Te 
Vv . = : 
OL LOW Voltage Vig aN CEM lOoL =8mA 0.32 0.45 Volts 
__| loL = 12mA a 0.37 05 
Vin Input HIGH Level Guaranteed input logical HIGH 20 | Volts | 
| (Except Bus) for all inputs , | 
Vv Input LOW Level Guaranteed input logical LOW MIL il 0.7 Lal’ seh 
| IL (Except Bus) for all inputs COM'L 0.8 | 
ee 4 
; Input Clamp Voltage ue = 
Vv V MIN., | —18mA 
(Except Bus) oa IN 
Input LOW Current _ 
l Vv = MAX., Vin = 0.4V 
oD (Except Bus) zl ce iN 
Input HIGH Current a = 
r Veco = MAX., Vin =2.7V 
ie (Except Bus) | - &C IN 
Input HIGH Current - 
! Vec = MAX., Viny = 5.5V 
(Except Bus) ce i 
Receiver Off-State 
I Vcc = MAX. 
0 Output Current Ke 
I Receiver Output V = MAX. 
ee Short Circuit Current ce 
Icc Power Supply Current Vec = MAX., All inputs = GND 











SWITCHING CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


Am2905XM Am2905XC 










Typ. Typ. 
Parameters Description Test Conditions Min. (Note2) Max. Min. (Note2) Max. | Units 
tPHL 21 40 
Driver Clock (DRCP) to Bus - 
tPLH C. (BUS) = 50pF 21 40 











TPHL Rx, (BUS) = 502 13 26 
Bus Enable (BE) to Bus 
tPLH 13 26 




































25 23 
Data Inputs (A or B) 
8.0 7.0 
33 30 
Select Input (S) 
8.0 7.0 
tpyw Driver Clock (DRCP) Pulse Width | 28 25 























tPHL (Latch Enable) CL = 15pF 
tPLH Rp = 2.0kQ 21 
Latch Enable to Receiver Output 
— tPHL 21 
ts pees 4 21 18 
; Bus to Latch Enable (RLE) ae a 
h ; ; 
t2H 14 IE 28 
4 Output Control to Receiver Output | 











(HIGH) 
tPLH Bus to Receiver Output | 1 ; 37 
+ 












































t2 14 28 

tHZ 14 28 
Output Control to Receiver Output 

tLz 14 28 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical timits are at Veco = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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Am2905 


INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 


DRIVEN tNPUT DRIVING OUTPUT 


BE = 3.3k2 
ALE = 5k 
OE = 5k2 
A,B, $= 10kQ 
ORCP = 10kQ 





Note: Actual current flow direction shown, 































MPR-066 
TYPICAL PERFORMANCE CURVES 
Bus Output Low Voltage Receiver Threshold Variation 
Versus Ambient Temperature & Versus Ambient Temperature 
n fe) 
e 1.0 > 
Fs) { 
> G 
| 0.8 4 
g 
Fas > 
5 0.6 T_T 'aus = 100mA 9 
5 |_| — 70mA el 8 
= m 
2 04 a gS ge a 
ne eel = 
3 = - a] 
Bi gel ese eee amie: 
a 02 > 
: Ae 
Pj 
© oo © 15 
—55 -35 -15 5 25 45 65 85 105 125 i -65 -35-15 5 25 45 65 85 105 125 
Ta — AMBIENT TEMPERATURE — °C > Ta — AMBIENT TEMPERATURE — °C 
MPR-067 MPR-068 
SWITCHING WAVEFORMS 
3.0V 
DRIVER 
CLOCK Tay 
——— ee OY 
| ie ; : 7 | 
3.0V 
A,BorS a 
INPUT 1.3V 
ov 
teun—e] = TPHL P= 
Pt a VG 
BUS 
OUTPUT ——  2.0v 
VOL 
PHL PLH = 
Vou 
RECEIVER 
OUTPUT 1.3V 
VoL 
Note: Bus to Receiver output delay is measured by clocking data into the driver register 
and measuring the BUS to R combinatorial delay. 
MPR-069 
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FUNCTION TABLE 






































Am2905 





ORDERING INFORMATION 


Order the part number according to the table below to obtain the de- 
sired package, temperature range, and screening level. 












































DEFINITION OF FUNCTIONAL TERMS 


The “A" word data input into the two 
input multiplexer of the driver register. 


Ao. Ai. A2, A3 


Bo, By, Bo,B3 The “B’” word data input into the two 


input multiplexers of the driver register. 


S Select. When the select input is LOW, the 
A data word is applied to the driver reg- 
ister. When the select input is HIGH, the 
B word is applied to the driver register. 


DRCP Driver Clock Pulse. Clock pulse for the 
driver register. 

BE Bus Enable. When the Bus Enable is HIGH, 
the four drivers are in the high impedance 
state. 

BUSo, B Sy The four driver outputs and receiver in- 

BUS5, BUS3 puts (data is inverted). 


The four receiver outputs. Data from the 
bus is inverted while data from the A or B 
inputs is non-inverted. 


Receiver Latch Enable. When RLE is 
LOW, data on the BUS inputs is passed 
through the receiver latches. When RLE 
is HIGH, the receiver latches are closed 
and will retain the data independent of 
all other inputs. 


Output Enable. When the OE input is 
HIGH, the four three state receiver out- 
puts are in the high-impedance state. 


r 
m 


ml 
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Package Operating Screening 
Order Type Range Level 
INPUTS TESA sue loarpor Ba - Number (Note 1) (Note 2) (Note 3) 
8 | Aj [2 prcp| BE ALE] OE} p; | 0; | BUS] R; setae ey c C-1 
xX} XX x H x x xX xX Zz x { Driver output disable 5 “24 Cc C-4 
x{x[xl x |X /[xla z x >x] oz Receiver output disable ee? = . Ae 
x}xix; x fatetetx Ped H Dri tput disable and . : 
xIlxix] x H E L x | H H [ L racaive esas Bus Tipu AM2905DM-B D-24 M B-3 
X}1X1]X x X |] HI] X x NC] X x @ Latch received data AM2905FM F-24-1 M C-3 
chill + 1 x | x x x lig x AM2905FM-B F-24-1 M B-3 
, Visual inspection 

oe Weal es t x on ie 4 a a s Load driver register AM2905XC Dice Cc to MIL-STD-883 
H|}X]Ly t xX | xX) XxX L x x x AM2905XM Dice M Method 2010B 
HI x]H t | x x | x H_| x x | x ethod 2010B. 
X| XX L x| x iE NC x * as No driver clock restrictions Notes: 
ol st) SS SL a ie Hes 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number follow- 
Pe he ee se : ‘ : : ‘ ‘ Drive Bus ing letter is number of leads. See Appendix B for detailed outline. 
il Bc Wa BB us Where Appendix B contains several dash numbers, any of the 

H= HIGH = Z = HIGH Impedance X = Don't care — 1501,2,3 variations of the package may be used unless otherwise specified. 

L = LOW NC = No change t = LOW to HIGH transition 


2. C = 0°C to +70°C, Voc = 4.75V to 5.25V. 
M = —55°C to +125°C, Voc = 4.50V to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 con- 
form to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD- 
883, Class B. 





LOAD TEST CIRCUIT 


CL 
























DIE SIZE 0.080” X 0.130” 
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Am2905 





APPLICATIONS 





A CONTROL B N 
CONTROL 


ALU SCRATCHPAD 


OUT OUT 







ADDRESS 
AND 
DATA DISPLAY 


B CONTROL 


Am2905 Am2905 





BUS BUS 


timing input/output interfaces. 
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DATA ADORESS 


MASTER 
CONTROL 


REMOTE 
OPERATION 


Am2905 


CONTROL 
BUS 


The Am2905 is a universal Bus Transceiver useful for many system data, address, control and 


MPR-071 





Am2906 


Quad Two-Input OC Bus Transceiver With Parity 








Distinctive Characteristics 


Quad high-speed LSI bus transceiver. 
Open-collector bus driver. 

Two-port input to D-type register on driver. 

Bus driver output can sink 100 mA at 0.8V max. 


Receiver has output latch for pipeline operation. 
Receiver outputs sink 12 mA. 

Advanced low-power Schottky processing. 

100% reliability assurance testing in compliance with 


Internal odd 4-bit parity checker/generator. MIL-STD-883. 


















FUNCTIONAL DESCRIPTION LOGIC SYMBOL 






The Am2906 is a high-performance, low-power Schottky 
bus transceiver intended for bipolar or MOS microprocessor 
system applications. The device consists of four D-type 
edge-triggered flip-flops with a built-in two-input multiplexer 
on each. The flip-flop outputs are connected to four open- 
collector bus drivers. Each bus driver is internally con- 
nected to one input of a differential amplifier in the receiver. 
The four receiver differential amplifier outputs drive four 
D-type latches. The device also contains a four-bit odd 
parity checker/generator. 












Ag Bo Ai By Ag B82 





Ss 














Am2906 
This LS! bus transceiver is fabricated using advanced low- 


power Schottky processing. All inputs (except the BUS in- 
puts) are one LS unit load. The open-collector bus output 
can sink up to 100 mA at 0.8V maximum. The BUS input 
differential amplifier contains disconnect protection diodes 
such that the bus is fail-safe when power is not applied. The 
bus enable input (BE) is used to force the driver outputs to 
the high-impedance state. When BE is HIGH, the driver is 
disabled. The open-collector structure of the driver allows 
wired-OR operations to be performed on the bus. 







































RLE 
BUS 









BUS; BUS 



















Voc = Pin 24 
GND, = Pin6 
GND = Pin 18 


The input register consists of four D-type flip-flops with a 
buffered common clock and a two-input multiplexer at the 
input of each flip-flop. A common select input (S) controls 
the four multiplexers. When S is LOW, the Aj data is stored 
in the register and when S is HIGH, the B; data is stored. 
The buffered common clock (DRCP) enters the data into 
this driver register on the LOW-to-HIGH transition. 


MPR-073 







CONNECTION DIAGRAM 
Top View 





Data from the A or B input is inverted at the BUS output. 
Likewise, data at the BUS input is inverted at the receiver 
output. Thus, data is non-inverted from driver input to 
receiver output. The four receivers each feature a built-in 
D-type latch that is controlled from the buffered receiver 
latch enable (RLE) input. When the RLE input is LOW, the 
latch is open and the receiver outputs will follow the bus 
inputs (BUS data inverted). When the RLE input is HIGH, 
the latch will close and retain the present data regardless of 
the bus input. 







Am2306 


The Am2906 features a built-in four-bit odd parity checker/ 
generator. The bus enable input (BE) controls whether the 
parity output is in the generate or check mode. When the 
bus enable is LOW (driver enabled), odd parity is generated 
based on the A or B field data input to the driver register. 
When BE is HIGH, the parity output is determined by the 
four latch outputs of the receiver. Thus, if the driver is en- 
abled, parity is generated and if the driver is in the high- 
impedance state, the BUS parity is checked. 





Note: Pin 1 is marked for orientation: 
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LOGIC DIAGRAM 





BUSg BUS, BUS) BUS3 
9 9 0° 96 





Peo 200 
PARITY 







SELECT so 


DRIVER 
clock PRCP O-————— 










Bus a3 ‘ are RECEIVER 
ENABLE BEO Be <0 REET ATCH ENABLE 











MAXIMUM RATINGS (Above which the useful life may be impaired) 
































Storage Temperature . 2 ee —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential — °, —0.5V to +7V 
DC Voltage Applied to Outputs for HIGH Output State —_ eh —0.5V to +Vog max. 
DC Input Voltage 7 _ — —0.5V to +5.5V 
DC Output Current, Into Outputs (Except Bus) : —_ oe 30mA 
DC Output Current, Into Bus aeons eA  - 200mA 
DC InputCurrent aad ge ey ee ama ons On 
pated hel ebrk hal a asa ee 





ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 


Am2906XC (COM’L) Ta =0°C to +70°C Vec MIN. =4.75V Vee MAX. = 5.25V 
Am2906XM (MIL) Ta =—55°C to +125°C = - Veg MIN. = 4.50V Voc MAX. = 5.50V 


BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 















































Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units. 
lot = 40ma 032 [| 05 | 
VOL Bus Output LOW Voltage lol = 70mA 0.41 Volts 
loy = 100mA 0.55 
Vo =0.4V eo 
I k = 
oO Bus Leakage Current Voc = MAX. Vo = 4.5V MIL uA 
a COM'L 
Bus Leakage Current = 
! Vo =4.5V A 
one (Power OFF) 2 - 
ei ] MIL 4 2.0 
VTH Receiver !nput HIGH Bus enable = 2.4V 2 vee 
Threshold COM’L 2.3 2.0 
VTL Receiver Input LOW Bus enable = 2.4V Me 20 Volts 
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Am2906 
ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 






















































Am2906XC (COM'L) Ta =0°Cto+70°C Vec MIN. =4.75V. Veg MAX. = 6.25V 
Am2906XM (MIL) Ta = 55°C to +125°C = Veg MIN. 4.5V Voc MAX. = 5.5V 
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 
Receiver Output Veco = MIN. MIL lon =—1mA 3.4 eel 
HIGH Voltage Vin = Vit or Vin CoML | lon=-26ma | 24 [ 34 [| ate 
: olts 
HIGH Voltage VIN = Vin or VIL COM’L 2.7 3.4 
VoL Output LOW Voltage Vec = MIN. lo, = 8mA | 0.45 | Volts 
(Except Bus) VIN =ViL or Vip” 
Input HIGH Level Guaranteed input logical HIGH 
VIH 2.0 Volts 
(Except Bus) for all inputs 
Vib Input LOW Level Guaranteed input logical LOW cae er Volts 
(Except Bus) for all inputs COM'L | 08 | 





Vv Input Clamp Voltage Vec = MIN., jy = —18mA Volts 
(Except Bus) 


Input LOW Current 
; Vv =MAX,, Vin = 0.4V 
(Except Bus) cc wv VIN 


3 
> 


| 
L 















Input HIGH Current 
(Except Bus) 






Vec = MAX., Vin = 2.7V 


e 
> 












Input HIGH Current” a he 
(Except Bus) Voc = MAX., Ving = 5.5V 


Output Short Circuit Current Voc = MAX. 
(Except Bus) ; 


Power Supply Current. Vcc = MAX., All inputs = GND 


. 


~“ 


ue 
S 
3 | 5 


a 
ND 
f 
b 


SWITCHING CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 























































































































































Am2906XM Am2906XC 
« . eae . Typ. « Typ. . 
Parameters Description Test Conditions Min. (Note 2) Max. Min. (Note 2) Max. | Units 
tPHL 21 40 21 
Driver Clock (DRCP) to Bus : | 36 
tPLH CL (BUS) = 50pF 21 40 2 [| 36 | 
tPHL es R__ (BUS) = 502 13 2 
ae ey een e |. | 3 | 2 | 
tPLH 13 26 13 
: Data Inputs (A or B) = 
ata Inputs (A or Rae 
ts 33 30 
Select Inputs {S) eal 
th 8.0 7.0 
tpw Clock Pulse Width (HIGH) 28 25 
‘PLA Bus to Receiver Output 7 18 
(Latch Enabled) fe 37 18 
tPLH 37 21 
Latch Enable to Receiver Output CL = 15pF : 
Lae. = 
——— 21 
io is pes ie oe Se) A ES 
tPLH Aor B Data to Odd Parity Output ett | 40 21 36 
(Driver Enabled) | | 21 40 21 36 
tPHL (Driver Inhibited, Latch Enabled) 21 40 21 
tPLH Latch Enable (RLE) to 21 40 21 
Odd Parity Output : 21 40 71 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics-for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. Ma : 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 










ORIVING OUTPUT 





ORIVEN INPUT 


BE = 3.3k2 
ALE = 5k2 
GE = 5k2 

A,B, S = 10k2 
DRCP = 10k2 





Note: Actual current flow direction shown. 


TYPICAL PERFORMANCE CURVES 








Bus Output Low Voltage Receiver Threshold Variation 
Versus-Ambient Temperature Versus Ambient Temperature 











ie 
70mA 
Tags 7oma_| 


0.4 Ginn Ete Goce 
a 











Vo. — BUS OUTPUT VOLTAGE — VOLTS 





1.5 
~65 -35-15 5 25 45 65 85 105 125 
Ta — AMBIENT TEMPERATURE — °C 


—55 -35 -15 6 25 45 65 85 105 125 
Ta, — AMBIENT TEMPERATURE ~ °C 


Vy — RECEIVER THRESHOLD VOLTAGE — VOLTS 
















MPR-077 MPR-078 


SWITCHING WAVEFORMS 


DRIVER 
CLOCK 


ia ty th al | 
A, BorS 
INPUT. 


tpt ——~e] = "PHL 


BUS 


RECEIVER 
OUTPUT 


Note: Bus to Receiver output delay is measured by clocking data into the driver register 
and measuring the BUS to R combinatorial delay. 
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APPLICATIONS 







SELECT 


CLOCK 


BUS PARITY 





BUS 
ENABLE 


LATCH 
ENABLE 


ODD/EVEN 
CONTROL 
L = EVEN 
H= ODD 














Py Po Pg Pq Pg Pg Py Pg Pg 





Am82S62 


EVEN 


CHECK 
PARITY OUTPUT 





Generating or checking parity for 16 data bits. 
MPR-081 
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FUNCTION TABLE ORDERING INFORMATION 


Order the part number according to the table below to obtain the de- 
sired package, temperature range, and screening tevel. 





























































Package Operating Screening 
ee : Order Type Range Level 
INPUTS INTERNAL T aus | ouTPUT| Number (Note 1) (Note 2) (Note 3) 
r FUNCTION 
s BE |RLE| OF Ri | AM2906PC P-24 Cc C-1 
x HI] xx X | __ Driver output disable _ AM2906DC D-24 Cc C-1 
Xx x x X|H . cod _ Receiver output disable _ AM2906DC-B D-24 Cc B-1 
x x HLL Driver output disable and AM2806DM D-24 M C-3 
x x H L L receive data via Bus input AM2906DN-B D-24 M B-3 
x x [x] aH] x | | Latch received data AM2906FM F-24-1 M C-3 
L xl t fx{xi{x. at s-S See = ee AM2906FM-B F-24-1 M B-3 
3 PA fee (a asd aoa oud driven tastitdl AM2906XC Dice Cc slouch inspesson 
H Lu} t |x|xd]x AM2906XM Dice M to MIL-STD-883 
H H| t | x} x]x 2 Method 2010B. 
: : ‘ : No driver clock restrictions Notes: 
x xt xtlrttxtx ar ; 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number follow- 
x x! x }elxixl ad x Drive Bus ing letter is number of leads. See Appendix B for detailed outline. 
2 = HIGH Impe Nanak ies Denice oie s Where Appendix B contains several dash numbers, any of the 
NG = No change + = LOW to HIGH transition variations of the package may be used unless otherwise specified. 
. © = 0°C to +70°C, Voc = 4.75V to 5.25V. 
M = —55°C to +125°C, Voc = 4.50V to 5.50V. 
. See Appendix A for details of screening. Levels C-1 and C-3 con- 
form to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD- 
883, Class B. 
DEFINITION OF FUNCTIONAL TERMS LOAD TEST CIRCUIT 


Ap, Aj, A2, Az The “A” word data input into the two 
input multiplexer of the driver register. 


Bo, By, Bz,B3 The ‘’B” word data input into the two 
input multiplexers of the driver register. 


S Select. When the select input is LOW, the 7 
A data word is applied to the driver reg- AER ceilee 


ister, When the select input is HIGH, the ot 
B word is applied to the driver register. (oe) 


DRCP Driver Clock Pulse. Clock pulse for the 
driver register. 


BE Bus Enable. When the Bus Enable is HIGH, 
the four drivers are in the high impedance 
state. 


BUSp, BUS, The four driver outputs and receiver in- 
BUS), BUS3 puts (data is inverted). 





Ro, R1, R2, Rg The four receiver outputs. Data from the 
bus is inverted while data from the A or B 
inputs is non-inverted. 


Receiver Latch Enable. When RLE is 
LOW, data on the BUS inputs is passed 
through the receiver latches. When RLE 
is HIGH, the receiver latches are closed 
and will retain the data independent of 
all other inputs. 


Output Enable. When the OE input is 
HIGH, the four three state receiver out- 
puts are in the high-impedance state. 


LE 





DIE SIZE 0.080" X 0.130" 
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Am2907 «Am2908 


Quad Bus Transceivers with Interface Logic 


Ea Te I SS 
Distinctive Characteristics @ Am2907 has 2.0V input receiver threshold; Am2908 is 

@ Quad high-speed LSI bus-transceiver ona ies LSI-Il bus compatible” with 1.5V receiver 

@ Open-collector bus driver @ Receiver has output latch for pipeline operation 

@ D-type register on driver © Three-state receiver outputs sink 12mA 


‘ ; @ Advanced Low-power Schottky processing 
© Bus driver output can sink 100mA at 0.8V max. @ 100% reliability assurance testing in compliance with 
@ Internal odd 4-bit parity checker/generator MIL-STD-883 







FUNCTIONAL DESCRIPTION LOGIC SYMBOL 


The Am2907 and Am2908 are high-performance bus trans- 

ceivers intended for bipolar or MOS microprocessor system ap- 

plications. The Am2908 is Digital Equipment Corporation “Q or 

LSi-II bus compatible” while the Am2907 features a 2.0V receiver 

threshold. These devices consist of four D-type edge-triggered 

flip-flops. The flip-flop outputs are connected to four open-col- 

lector bus drivers. Each bus driver is internally connected to one 

input of a differential amplifier in the receiver. The four receiver 

differential amplifier outputs drive four D-type latches, that feature 18 
three-state outputs. The devices also contain a four-bit odd parity 
checker/generator. 





Am2907 
Am2908 







These LSI! bus transceivers are fabricated using advanced 
low-power Schottky processing. All inputs (except the BUS in- | "1 
puts) are one LS unit load. The open-collector bus output can 

sink up to 100mA at 0.8V maximum. The BUS input differential 

amplifier contains disconnect protection diodes such that the 

bus is fail-safe when power is not applied. The bus enable 

input (BE) is used to ) force the driver outputs to the high-impe- 

dance state. When BE is HIGH, the driver is disabled. The 

open-collector structure of the driver allows wired-OR opera- 

tions to be performed on the bus. 


The input register consists of four D-type flip-flops with a buf- Voc = Pin 20 
fered common clock. The buffered common clock (DRCP) en- GND, = Pin5 
ters the Aj data into this driver register on the LOW-to-HIGH GND» = Pin 15 
transition. 


Data from the A input is inverted at the BUS output. Likewise, CONNECTION DIAGRAM 
data at the BUS input is inverted at the receiver output. Thus, Top View 

data is non-inverted form driver input to receiver output. The , 
four receivers each feature a built-in D-type latch that is con- 
trolled from the buffered receiver latch enable (RLE) input. 
When the RLE input is LOW, the latch is open and the receiver 
outputs will follow the bus inputs (BUS data inverted and OE 
LOW). When the RLE input is HIGH, the latch will close and 
retain the present data regardless of the bus input. The four 
latches have three-state outputs and _are controlled by a buf- 
fered common three-state control (OE) input. When OE is 
HIGH, the receiver outputs are in the high-impedance state. 


The Am2907 and Am2908 feature a built- -in four-bit odd parity 
checker/generator. The bus enable input (BE) controls whether 
the parity output is in the generate or check mode. When the 
bus enable is LOW (driver enabled), odd parity is generated 
based on the A field data input to the driver register. When BE 
is HIGH, the parity output is determined by the four latch out- 
puts of the receiver. Thus, if the driver is enabled, parity is 
generated and if the driver is in the high-impedance state, the 
BUS parity is checked. 


The Am2907 has receiver threshold typically of 2.0V while the 
Am2908 threshold is typically 1.5V. 


MPR-083 







Am2907 


Am2908 





Note: Pin 1 is marked for orientation. 
MPR-084 
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Am2907 * Am2908 


LOGIC DIAGRAM 


ae OUTPUT 
CONTROL 


O PARITY 


DRIVER 

cLock DRCPO 

5 2 RECEIVER 
BE © 9 . ORLE LATCH 
ENABLE ENABLE 





MAXIMUM RATINGS (Above which the useful life may be impaired) 


























Storage Temperature -65°C to +150°C 
Temperature (Ambient) Under Bias” -55°C to +125°C 
Supply Voltage to Ground Potential oe _ ~0.5 V to+7V 
DC Voltage Applied to Outputs for HIGH Output State oO -0.5 V to +VcC max. 
DC Input Voltage rns a -0.5 V to +5.5 V 
DC Output Current, Into Outputs (Except BUS) a oe 30 mA 
DC Output Current, Into Bus : —o ; 200 mA 








DC Input Current -30 mA to +5.0mA 


ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 


Am2907XC, Am2908XC (COM'L) Ta, = 0°C to +70°C Vec MIN. = 4.75V Vgc MAX. = 5.25V 
Am2907XM, Am2908XM (MIL) Ta = —55°C to +125°C Voc MIN. = 4.50V Voc MAX. = 5.50V 


BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


lo. = 40mA 


Bus Output LOW Voltage Voc = MIN. lo. = 70mA 
lo. = 100mA 


Vo = 0.4V 











Bus Leakage Current Voc = MAX. 
Vo = 4.5V 
COM'L 











Bus Leakage Current (Power Off) | Vo = 4.5V 








Am2907 


Receiver Input HIGH Threshold Bus Enable = 2.4V 


Am2908 

















Am2907 


Receiver Input LOW Threshold Bus Enable = 2.4V 
Am2908 


Vec = MIN., iy = —18mA 
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Am2907 « Am2908 
ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 
Am2907XC, Am2908XC (COM'L) Ta = 0°C to +70°C Voc MIN. = 4.75V Voc MAX. = 5.25V 
Am2907XM, Am2908XM (MIL) Ta = —55°C to +125°C Voco MIN. = 4.50V Vgc MAX. = 5.50V 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


Parameters Description Test Conditions (Note 1) Min. Typ. (Note 2) Max. Units 


Receiver Vec = MIN. MIL: Igy = -1mMA 
VOoH 7 Volts 
Output HIGH Voltage Vin = Vitor Vix | COM’L: IoH = -2.6mA 


Parit Veco =MIN., =o iL 
Gi arity CC N., IoH = -660UA Vici 
0.4 
0.45 Volts 
0.5 


















Output HIGH Voltage VIN = VIH or VIL COM'L 2.7 



































loL= 4mA 
- Output LOW Voltage Voc = MIN. Of = 
= 8m 
Pt (Except Bus) Vin = Vic or Ving OL 
loL = 12mA 






Guaranteed input logical HIGH 

for ali inputs 

Guaranteed input logical LOW MEL 
for all inputs COM’L 






Input HIGH Level 
Input LOW Level 

(Except Bus) 

Vv; Input Clamp Voltage 
(Except Bus) 

Input LOW Current 
(Except Bus) 

Input HIGH Current 
(Except Bus) 
Input HIGH Current 
(Except Bus) 
Output Short Circuit 
Current (Except Bus) 
Power Supply Current 
Oft-State Output Current 
(Receiver Outputs) 


Am2907 SWITCHING CHARACTERISTICS 
OVER OPERATING TEMPERATURE RANGE r sores 
yp. yp. 


Parameters Description Test Conditions Min. (Note2) Max. Min. (Note2) Max. 

























Vcc = MIN., Ijpqy = -18MA 













Vec = MAX., Vin = 0.4 V 
















Voc = MAX., Vin = 2.7 V 




















Vcc = MAX., Vin = 5.5 V 














Vcc = MAX. 









Vcc = MAX.,, All Inputs = GND 
Vo=24V 
Vo =0.4V 







Voc = MAX. 


l 
_ 
NO 








Driver Clock (DRCP) to Bus 
C. (BUS) = 50pF 


R__ (BUS) = 502 








Bus Enable (BE) to Bus 











Data Inputs 





Clock Pulse Width (HIGH) 








Bus to Receiver Output 
(Latch Enabled) 











Latch Enable to Receiver Output 








Bus to Latch Enable (RLE) 





Data to Odd Parity Out 
(Driver Enabled) 











Bus to Odd Parity Out 
(Driver Inhibit) 











Latch Enable (RLE) to Odd 
Parity Output 











Output Control to Output 








Output Control to Output 


Notes: 1. For conditions shown as MIN. or MAX,,-use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading, 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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Am2908 SWITCHING CHARACTERISTICS 
OVER OPERATING TEMPERATURE RANGE 






Am2908XM Am2908XC 


Typ. Typ. 
Min. (Note2) Max. Min. (Note2) Max. | Units 



























Parameters Description Test Conditions 


























Driver Clock (DRCP) to Bus 8 | ae 
Bus Enable (BE) to Bus pe fetal Os aL steed ae 
Seite leaaacel ls cl | 13 | 23 
Bus Output Fall Time 2002 to GND aS ee a ae ae 
Data Inputs ae ae 
a ee ae ae el 

a ae 

| 38 


tPLy Bus to Receiver Output 
(Latch Enabled) 


PHL 
Latch Enable to Receiver Output 





tPLH 


tPHL 


Pith | 
| tew Clock Pulse Width (HIGH) 
PteH | 
F trun | 





Bus to Latch Enable (RLE) 







*tPLH 


N 


™ 
roa) 


Data to Odd Parity Out 
(Driver Enabled) 















Bus to Odd Parity Out 
(Driver Inhibit) 











Latch Enable (RLE) to Odd 
Party Output 
——_ Output Control! to Output 


tzL 
LZ 


| Output Control to Output Ry = 2.0kn 


: Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics fo the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 







>» 





ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Am2907 Am2908 Package Type Operating Range Screening Level 
Order Number Order Number (Note 1) (Note 2) (Note 3) 


AM2907PC AM2908PC P-20 C-1 
AM2907DC AM2908DC D-20 C-1 
AM2907DC-B AM2908DC-B D-20 B-1 
AM2907DM AM2908DM D-20 C-3 
AM2907DM-B AM2908DN-B D-20 B-3 
AM2907FM AM2908FM F-20 C-3 
AM2907FM-B AM2908FM-B F-20 B-3 


AM2907XC AM2908XC Dice visual ms pecuon 


HO £25225000 


; to MIL-STD-883 
AM2907XM AM2908XM Dice Method 2010B. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 
2. C = O°C to +70°C, Voc = 4.75V to 5.25V, M = —55°C to +125°C, Voc = 4.50V to 5.50V. 
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C, Level B-3 conforms to MIL-STD-883, 
Class B. 
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Voy — BUS OUTPUT VOLTAGE — VOLTS 


ORIVEN INPUT 





bE 5kQ 
A,B, S= 10k2 
DROP = 10k 


Bus Output Low Voltage 
Versus Ambient Temperature 
1.0 


0.8 

















0 : 
~65 -35 -156 5 25 45 65 85 105 126 
Ta — AMBIENT TEMPERATURE — °c 


MPR-087 


Am2907/08 SWITCHING WAVEFORMS 


ae 


ra 


DRIVER 
CLOCK 


A INPUT 





BUS 
OUTPUT 


Am2907 « Am2908 





INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 


BUS 


ALE ens 
=6k2 


| 
| 
| 
| 
| 
| 
| 
| 
| 


Note: Actual current flow direction shown. | 


TYPICAL PERFORMANCE CURVES 


Am2907 
Receiver Threshold Variation 
Versus Ambient Temperature 

















1.6 
—55 -35-15 5 25 45 66 85 105 125 
Ta — AMBIENT TEMPERATURE — °C 


V7 — RECEIVER THRESHOLD VOLTAGE — VOLTS 


MPR-088 


DRIVING OUTPUT 


Vy —- RECEIVER THRESHOLD VOLTAGE — VOLTS 


MPR-086 









Am2908 
Receiver Threshold Variation 
Versus Ambient Temperature 





























0.9 
—55-35-15 5 25 45 65 85 105 125 


Ta — AMBIENT TEMPERATURE -°C 


MPR-508 





1. INPUT SET-UP AND HOLD TIMES. 
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3.0V 


1.3V 


3.0V 


1.3V 


ov 





Am2907 « Am2908 


TRUTH TABLE 
























OUTPUT 


INPUTS TO DEVICE 


FUNCTION 


Driver output disable 


Receiver output disable 


Driver output disable and receive data 
via Bus input 


Latch received data 


Load driver register 
No driver clock restrictions 


H = HIGH Z = High Impedance X = Don’t Care i=0,1,2,3 
L=LOW NC = No Change t = LOW-to-HIGH Transition 


ac 
Ps) 
rm 
mi 


BEE 
ee [=[>{ 


>| 


= =[x{2| a1 
tae 


“|= 





ee 







x xf 
pela 
pial 


xe xe ee x 
Ee 


>| =| 
Breed 
expe 
BEIces 
xe) 
Bee 





PARITY OUTPUT FUNCTION TABLE 











ODD PARITY OUTPUT 
ODD = Ap ® Aji ® AQF AZ 
ODD = Q9 © Q1 09203 








DEFINITION OF FUNCTIONAL TERMS Metallization and Pad Layout 


DRCP Driver Clock Pulse. Clock pulse for the driver register. 


BE Bus Enable. When the Bus Enable is HIGH, the four 
drivers are in the high impedance state. 


BUSo, BUS;, BUS2, BUS3 The four driver outputs and 
receiver inputs (data is inverted). 


Ro, Ri, R2, R3 The four receiver outputs. Data from the 
bus is inverted while data from the A inputs is non-inverted. 


RLE Receiver Latch Enable. When RLE is LOW, data on the 
BUS inputs is passed through the receiver latches. When RLE 
is HIGH, the receiver latches are closed and will retain the 
data independent of all other inputs. 


ODD Odd parity output. Generates parity with the driver 
enabled, checks parity with the driver in the high-impedance 
state. 


OE Output Enable. When the OE input is HIGH, the four 
three-state receiver outputs are in the high-impedance state. 





DIE SIZE 0.088” X 0.103” 
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Am2907/08 SWITCHING WAVEFORMS 
AND LOAD TEST CIRCUITS 










BE ov — 

A, 1.5V 1.5V 
——___—____-—_—- 3v 

a on =< on 
———_——  0v 
DRCP 1.5V 
3V aes eee 
DRCP 1.5V 1.5V tw 


—_———— ov 
—| ty [tr BE 1.5V 1.5V 

90% 90% LL 
BUS, 1.5V 1.5V teu teLH 
10% 10% 
MPR-509 tH teLy Sele = BUS, 1.5V \ # 1.5V 
MPR-510 


2. DRIVER CLOCK (DRCP) TO BUS 3. BUS ENABLE (BE) TO BUS 
DRIVER SWITCHING WAVEFORMS 


+5.0V 


910 


2000 





MPR-511 Am2907 Am2908 aenSI2 

















DRIVER LOAD TEST CIRCUIT DRIVER LOAD TEST CIRCUIT 
OE ov OE - 
RLE 


300ns 
3V 


ov 
ts se ty ia = tpw al 
—_—_-——- 3V 
1.5V 1.5V RLE ri 1.5V \ 1.5V f X 1.5V 

OV 
teHL 4 le tpi zal tpHe _— PLH —_ 

BE 4.5V : 
Rp \ 1.5V £ 1.5V 

MPR-513 


4. BUS TO RECEIVER OUTPUT oe 
(LATCH ENABLED) 5. LATCH ENABLE TO OUTPUT MPR-514 


RECEIVER SWITCHING WAVEFORMS 











4.5V 


+5.0V 


2K 


ALL DIODES 
ARE 1N3064 





Note: C, = 15pF for Am2907 


C; = 50pF for Am2908 
Prete Am2907/08 RECEIVER LOAD TEST CIRCUIT. Ce yer 
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Am2907/08 SWITCHING WAVEFORMS 
AND LOAD TEST CIRCUITS (Cont.) 







OE 1.5V 1.5V 


ay 
R ZL | 5V 
n 
OUTPUT 
NORMALLY l | 
Low $2 1.5V Vo. $1 AND S2 
OPEN Vou CLOSED 


oe ee | 
Ry $1 OPEN ey 
OUTPUT i 


NORMALLY 
HIGH tuz =, 









$1 AND S2 
CLOSED 






MPR-516 







6. RECEIVER TRI-STATE WAVEFORMS 






3V 
Ao.3 1.5V 1.5V BUS .3 1.5V 


ov 
teLH tout je on 


ODD 1.5V 1.5V 1.5V 1.5V 









ov ALE 





ov 









MPR-517 





MPR-518 





7. AINPUT TO PARITY OUTPUT 8. BUS TO PARITY OUTPUT 





ODD PARITY OUTPUT WAVEFORMS 





DEVICE 2kQ. 






DEVICE 









ALL DIODES 
\7 ARE 1N3064 





O 

$2 

Note 1: Cy, = 15pF for tz:, tzy 4 MPR-520 
C,, = 5pF for tLz, tyz = 





MPR-519 


LOAD FOR RECEIVER TRI-STATE TEST LOAD FOR PARITY OUTPUT 
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APPLICATIONS 





§ BUS 


A 










Am2907/8 
ADDRESS REGISTER 


BUS 
Am2918 


STATUS REGISTER 





A 









Am2907/8 
DATA BUS Save 
REGISTER 
R 
FLAGS Y 
A 
V0 : Am2909 
Bue 4BuS Am2967/8 MIGROPROGRAM 1 Am2901A 
SEQUENCER BIPOLAR 
R MICROPROCESSOR 
D 
ROM/PROM 
MICROCODE 
Am2918 
MICROWORD 
REGISTER 


R BUS 





. 


The Am2907 can be used as an !/O Bus Transceiver and Main Memory I/O Transceiver 


in high-speed Microprocessor Systems. 
MPR-091 
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Am2909 


e Am2911 


Am2909A ¢ Am2911A 


Microprogram Sequencers 























DISTINCTIVE CHARACTERISTICS 


@ 4-bit slice cascadable to any number of microwords 

Internal address register 

Branch input for N-way branches 

Cascadable 4-bit microprogram counter 

4 x 4 file with stack pointer and push pop control for 

nesting microsubroutines 

@ Zero input for returning to the zero microcode word 

@ Individual OR input for each bit for branching to higher 
microinstructions (Am2909 only) 

e@ Three-state outputs 

@ All internal registers change state on the LOW-to-HIGH 
transition of the clock 

@ Am2909 in 28-pin package 

@ Am2911 in 20-pin package 

@ New high-speed versions (Am2909A and Am2911A) are 

plug-in replacements for original Am2909 and Am2911 

Critical path speeds will be improved by about 25% 











TABLE OF CONTENTS 





Block PHAGIAINS exh ic cited canna Se daverine ah ON ahoan 2-120, 2-134 [ (Am2908 ONLYIY et PUSH/POP FILE ENABLE 
OO CCd6S: Git wis.c-n anaes vee deena het t eine ag 2-133 fae 

Pin Definitions .......0. 0000 cece cece cece eve vces 2-124 REGISTER 

Connection Diagrams ....... 2... eee cece eee ees 2-124 a ADDRESS REG/ 
SEGA feces cnrinn ded ee gus eel aah BAGG Se wera ay 2-129 I 

DC Characteristics 2.2.0.0... 000. .cc ccc cce eee ceeeees 2-121 . aa 
Am2909/Am2911 Switching Characteristics ............ 2-122 Ay CONNECTED 
Am2909A/Am2911A Switching Characteristics ......... 2-123 ee 

Using the Am2909 and AM2911 ........... 0. 0c cee eee 2-127 | 

PUNCHON TADIOS s..v Sina warn hurasehete ae ees awe ed oot 2-129 oirect | 

SUBROULIMIG ss sia es nS 0 oe Ge ean dodo bah cand wale 2-131 pe 

BURNIN CUCUIS cis. cc y eee iu adh tak cawk wwalbarkiws 2-132 


For applications information, see Chapter II of “Build a Microcomputer”. 


GENERAL DESCRIPTION 


The Am2909 is a four-bit wide address controller intended 
for sequencing through a series of microinstructions con- 
tained in a ROM or PROM. Two Am2909's may be inter- 
connected to generate an eight-bit address (256 words), and 
three may be used to generate a twelve-bit address (4K 
words). 


The Am2909 can select an address from any of four 
sources. They are: 1) a set of external direct inputs (D); 2) 
external data from the R inputs, stored in an internal regis- 
ter; 3) a four-word deep push/pop stack; or 4) a program 


counter register (which usually contains the last address 
plus one). The push/pop stack includes certain control lines 
so that it can efficiently execute nested subroutine linkages. 
Each of the four outputs can be OR’ed with an external 
input for conditional skip or branch instructions, and a sepa- 
rate line forces the outputs to all zeroes. The outputs are 
three-state. 


The Am2911 is an identical circuit to the Am2909, except the 
four OR inputs are removed and the D and R inputs are tied 
together. The Am2911 is in a 20-pin, 0.3” centers package. 
The Am2909A and Am2911A are direct plug-in replacements 
for the Am2909 and Am2911, but are about 25% faster. 





MICROPROGRAM SEQUENCER BLOCK DIAGRAM 
























So 
5) 


[ Am2a09 ONL ¥] 


‘OR3 





OUTPUT 
CONTROL 





Cana 


MPR-093 
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MAXIMUM RATINGS (Above which the 


Storage Temperature 


Am2909/2911 » Am2909A/2911A 


useful life may be impaired) 





—65°C to +150°C 





Temperature (Ambient) Under Bias 


—55°C to +125°C 

















Supply Voltage to Ground Potential —° —0.5 Vto +7.0 V 
DC Voltage Applied to Outputs for HIGH Output State —0.5 V to +Vec max. 
DC Input Voltage —0.5 V to +7.0 V 
DC Output Current, Into Outputs 30 mA 





DC Input Current 


OPERATING RANGE 


Part Number 
Operating Range Suffix 
Commercial 


Military 








5.0V +10% 


—30 mA to +5.0 mA 





Power Supply 
5.0V +5% 


Temperature Range 
Ta = 0°C to +70°C 
To = —55°C to +125°C 















ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Notes) 

































































































(For Am2909, Am2911, Am2909A, Am2911A) 
Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 
= 
vert - Pe Vec=MIN., IOH = —1.0mMA , 
utput HI Volt ——_|_____ olt 
e nares Vin = Vin oF Vie lon = —2.6mA : 
eo licaar 4 
Io, = 4.0mA, 2909/11 0.4 
Vcc = MIN., IoL = 8-0mA, 2909/11 0.45 
Bon. |" Sceeaet ometae cca ox =Bama.zoeenn | |__| oa ant 
IN=VIHO VIL | to, =12mA, 2909/11 ne 
(Note 5) ‘ 
lo” = 16mA, 2909A/11A Ze 0.5 | 
Vin Input HIGH Level Guaranteed inpas logical HIGH 20 Welte 
voltage for all inputs . 
G ; aa MIL, 2909/11 | 07, | 
ViL Input LOW Level uaranteed input logical LOW ’ ; oe : J Volts 
voltage for all inputs _| All others L 08 | 
= Vv\ {| input Clamp Voltage Veco =MIN., lin = -18mMA | | -1.5 Volts | 
Ge | ~[ —1.08 ‘i 
ow Voc = MAX., —- - a 
; " = 
ine Input L Current Vin = 0.4V Push/Pop, OE | { 0.72 
be Others (Note 6) —0.36 
Cn . [40 
HIGH eee ees Push/P : 40. | uA 
tH Input Current Vin =2.7V ush/Pop M 
Others (Note 6) | | 20 4 
Vec = MAX.,, Cy, Push/Pop 0.2 ie 
I Input HIGH Current m 
Vin = 7.0V Others (Note 6) | 0.1 
[ 108 Can ae Circuit Current. | yoo = MAX, | Yo“ ¥3 | -30 | =100 | me 
ote = 
Mas Cn+4 | -30 | | 85 | 
Icc ah Power Supply Current Voc = MAX. (Note 4) | 80 130 mA | 
loz cece eueee Veo = MAX., Vout = 0.4V 7 | -20 a 
aa a OE =2.7V Vout =2.7V 20 









Notes: 1. For conditions shown as MIN. or MAX.,, 


2. Typical timits are at Voc 
3. 
4 


LOW-to-HIGH clock transition. 


Not more than one output should be shorted at a time. 
. Apply GND to Cy, Rg, Ry, Ra, Rg, ORg, OR1, OR2, ORg, Do, Dy, Da, and D3. Other inputs high. All outputs open. Measured after a 








use the appropriate value specified under Electrical Characteristics for the applicable device type. 


= 5.0V, 25°C ambient and maximum toading. 


Duration of the short circuit test should not exceed one second. 


The 12mA guarantee applies only to Yg, Y1, Yg and Y3. 
For the Am2911 and Am2911A, Dj and Fj are internally connected. Loading is 


Oo 
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doubied (to same values as Push/Pop). 
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Am2909 and Am2911 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE 


Tables |, Il, and Ill below define the timing characteristics of the 
Am2909 and Am2911 over the operating voltage and tempera- 
ture range. The tables are divided into three types of paramet- 
ers; clock characteristics, combinational delays from inputs to 
outputs, and set-up and hold time requirements. The latter table 
defines the time prior to the end of the cycle (i.e. clock LOW-to- 
HIGH transition) that each input must be stable to guarantee that 


TABLE | 
CYCLE TIME AND CLOCK CHARACTERISTICS 


TIME COMMERCIAL | MILITARY 
Minimum Clock LOW Time 30 
Minimum Clock HIGH Time 30 
TABLE II 


MAXIMUM COMBINATIONAL PROPAGATION DELAYS 
(all in ns, C_ = 50pF (except output disable tests)) 












the correct data is written into one of the internal registers. 


COMMERCIAL | MILITARY 





Measurements are made at 1.5V with V;, = OV and Vj, = 3.0V. 
For three-state disable tests, C. = 5.0pF and measurement is to 
0.5V change on output voltage level. All outputs have maximum 
DC loading. The data on this page applies to the following part 
numbers: 



























OE LOW (enable) 
OE HIGH (disable) 

Clock t S4Sp9 = LH 
Clock f S4Sp = LL 


Operating 
Range Part Numbers 


Am2909APC, DC 
Am2911APC, DC 


Am2909ADM, FM 








Temperature Range 










Com’! 5.0V +5% | Ta = 0°C to +70°C 





















Mil Am2911ADM 5.0V +10% | Tc = —55°C to +125°C Clock t S4Sq = HL 
TABLE lll 
GUARANTEED SET-UP AND HOLD TIMES (all in ns) (Note 1) 


COMMERCIAL 
Set-Up Time 
22 


From Input 























Notes: 1. Ali times relative to clock LOW-to-HIGH transition. 
2. On Am2911A, R; and D; are internally connected together and labeled Dj. Use Rj set-up and hold times when D inputs are used to load register. 


[ante oe] x able | ae 

-_|______________ gy 

ts th 

ieee (TABLE Il) (TABLE Il) 
YWIVVVVVVVVVVV VVVVY 2¥ 

EXCEPT OE) ‘ 
KOK LN XX XA A\ XXX by 

INPUTS TO Y or C,;4 
| CLOCK TO Y; or ar | CAeLE 
(TABLE I!) 


vous YXXKXKXKKREKKRKXRKKKY 2 
= AXONAL i 


MPR-098 
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Am2909A and Am2911A 
SWITCHING CHARACTERISTICS 
TYPICAL ROOM TEMPERATURE 


Tables |, Il and Ill below give typical timing characteristics of the 
Am2909A and Am2911A at room temperature. The tables are 
divided into three types of parameters: clock characteristics, 
combinational delays from inputs to outputs, and set-up and 
hold time requirements. The latter table defines the time prior to 
the end of the cycle (i.e., clock LOW-to-HIGH transition) that 
each input must be stable to guarantee that the correct data is 
written into one of the internal registers. 


Measurements are made at 1.5V with Vi, = OV and Viy = 
3.0V. For three-state disable tests, C. = 5.0pF and measure- 
ment is to 0.5V change on output voltage level. All outputs 
have maximum DC loading. The data on this page applies to 
the following part numbers: 


Operating Power 
Range Part Numbers Supply | Temperature Range 


Am2909PC, DC 
Am2911PC, pc | &OY *5% 


Am2909DM, FM 
Am2911DM 






Com'l Ta = 0°C to +70°C 















5.0V +10% 








To = —55°C to +125°C 


PERATURE 











Notes: 1. Ali times relative to clock LOW-to-HIGH transition. 
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TABLE | 
CYCLE TIME AND CLOCK CHARACTERISTICS 


COMMERCIAL | MILITARY 


35 
35 
TABLE Il 


MAXIMUM COMBINATIONAL PROPAGATION DELAYS 
(all in ns, C, = 50pF (except output disaple tests)) 


room a 


ROOM 


TEMPERATURE 


Hold Time 














Minimum Clock LOW Time 
Minimum Clock HIGH Time 

























From 
Input 


Dj 

So, S4 

OR; 

Cy 

ZERO 

OE LOW (enable) 
OE HIGH (disable) 









































ns) (Note 1) 





Hold Time Set-Up Time 




















o1o;/o];/o/oO/;/0;/0;0/o0 


2. On Am2911, Rj and Dj are internally connected together and labeled Dj. Use Fj set-up and hold times when D inputs are used to load register. 


towH 
pa 1) = 
















/ ‘ CLOCK H TO L N / 
cP ANYTIME H a ee, 
| f\__ gy 
mm ts th 
| : (TABLE III) (TABLE II!) 





aumeurs | SKXXXKXKXKKKY ee 
asarss | _RIBRORnys : 
CLOCK TO Yj or Chg men TABLE " ae 
(TABLE Il) ; y 
SUR YOOX XAAAXY \/ XXXKKXY oat ie 
cm AX KKXXRKRXREKND ae 











— 3.0V 


tow 
r~ (TABLE 1) 

OCCURS 

ERE 
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DEFINITION OF TERMS 


A set of symbols is used in this data sheet to represent 
various internal and external registers and signals used with 
the Am2909. Since its principle application is as a controller 


for 


a microprogram store, it is necessary to define some signals 


associated with the microcode itself. Figure 3 illustrates the 
basic interconnection of Am2909, memory, and microinstruc- 
tion register. The definitions here apply to this architecture. 


Inputs to Am2909/ Am2911 


$7, So Control lines for address source selection 

FE, PUP Control lines for push/pop stack 

RE Enable tine for internal address register 

ORj Logic OR inputs on each address output line 

ZERO Logic AND input on the output lines 

OE Output Enable. When OE is HIGH, the Y out- 
puts are OFF (high impedance) 

Ch Carry-in to the incrementer 

Rj Inputs to the internal address register 

Dj Direct inputs to the multiplexer 

CP Clock input to the AR and puPC register and 


Push-Pop stack 


Outputs from the Am2909/ Am2911 


Yj 


Address outputs from Am2909. (Address inputs 
to control memory.) 
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Figure 3. Microprogram Sequencer Control. 
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Carry out from the incrementer 


Internal Signals 


EPC 
AR 
STKO-STK3 


SP 


Contents of the microprogram counter 
Contents of the address/holding register 
Contents of the push/pop stack. By definition, 
the word in the four-by-four file, addressed by 
the stack pointer is STKO. Conceptually data 
is pushed into the stack at STKO; a subsequent 
push moves STKO to STK1; a pop implies 
STK3 > STK2 ~ STK1 > STKO. Physically, 
only the stack pointer changes when a push or 
pop is perfec med. The data does not move. |/O 
occurs at STKO. 

Contents of the stack pointer 


External to the Am2909/Am2911 


A 
(A) 
UWR 


Th 


Address to the control memory 

Instruction in control memory at address A 
Contents of the microword register (at output 
of control memory). The microword register 
contains the instruction currently being exe- 
cuted, 

Time period (cycle) n 
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Am2911 


Note: Pin 1 is marked for orientation. 
MPR-097 








Figure 4. 
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OPERATION OF THE Am2909/Am2911 for the control of the push/pop stack. Figure 6 shows in detail 

the effect of Sg, Sj, FE and PUP on the Am2Q909. These four 
Figure 5 lists the select codes for the multiplexer. The two signals define what address appears on the Y outputs and what 
bits applied from the microword register (and additional com- the state of all the internal registers will be following the clock 
binational logic for branching) determine which data source LOW-to-HIGH edge. In this illustration, the microprogram 
contains the address for the next microinstruction. The counter is assumed to contain initially some word J, the ad- 
contents of the selected source will appear on the Y outputs. dress register some word K, and the four words in the push/ 


Figure 5 also shows the truth table for the output control and pop stack contain Rag through Rq. 
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Figure 5. 
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N 1100 J Ra Rb Pop Stack; End 
N+1 — D+1 Rb Re Jump to Address on D Loop 
N 1101 J Ra Rb Jump to Address on D; JSR D 
N+1 _ D+ J R Push PC 
J 
D+ 


Jump to Address on D 


JMP D 


aa 
AD 
© ® 
22 
omomn 


X = Don’t care, 0 = LOW, 1 = HIGH, Assume Cy, = HIGH 
Note: STKO is the location addressed by the stack pointer. 


- Figure 6. Output and Internal Next-Cycle Register States for Am2909/Am2911. 
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Figure 7 illustrates the execution of a subroutine using the 
Am2909. The configuration of Figure 3 is assumed. The 
instruction being executed at any given time is the one con- 
tained in the microword register (uWR). The contents of the 
WR also controls (indirectly, perhaps) the four signals Sg, $1, 
FE, and PUP. The starting address of the subroutine is applied 
to the D inputs of the Am2909 at the appropriate time. 


In the columns on the left is the sequence of microinstructions 
to be executed. At address J+2, the sequence control portion 
of the microinstruction contains the comand “Jump to sub- 


CONTROL MEMORY 


Microprogram 


Clock 
Signals 


Execute 


Cycle 


Am2909 
Inputs 
(from 
uWR) 


Internal 
Registers 


Clock 
Signals 


Execute 


Cycle 


routine at A’. At the time To, this instruction is in the uyWR, 
and the Am2909 inputs are set-up to execute the jump and 
save the return address. The subroutine address A is applied to 
the D inputs from the uWR and appears on the Y outputs. The 
first instruction of the subroutine, I(A), is accessed and is at 
the inputs of the wzWR. On the next clock transition, I(A) is ‘ 
loaded into the wWR for execution, and the return address 
J+3 is pushed onto the stack. The return instruction is exe- 
cuted at Ts. Figure 8 is a similar timing chart showing one 
subroutine linking to a second, the latter consisting of only 
one microinstruction. 
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Figure 8. Two Nested Subroutines. Routine B is Only One Instruction. Cy = HIGH 
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USING THE Am2909 AND Amz2911 


The Am2909 and Am2911 are four-bit slice sequencers which 
are cascaded to form a microprogram memory address 
generator. Both products make available to the user several 
lines which are used to directly control the internal holding 
register, multiplexer and stack. By appropriate control of 
these lines, the user can implement any desired set of se- 
quence control functions; by cascading parts he can gener- 
ate any desired address length. These two qualities sét the 
Am2909 and Am2911 apart from the Am2910, which is ar- 
chitecturally similar, but is fixed at 12 bits in length and has a 
fixed set of 16 sequence control instructions. The Am2909 or 
Am2911 should be selected instead of the Am2910 under the 
following conditions: 


e Address less than 8 bits and not likely to be expanded 
e@ Address longer than 12 bits 
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@ More complex instruction set needed than is available on 
Am2910 


Architecture of the Control Unit 


The recommended architecture using the Am2909 or 
Am2911 is shown in Figure 1. Note that the path from the 
pipeline register output through the next address logic, mul- 
tiplexer, and microprogram memory is all combinational. 
The pipeline register contains the current microinstruction 
being executed. A portion of that microinstruction consists 
of a sequence control command such as “continue”, “loop”, 
“return-from-subroutine”, etc. The bits representing this 
sequence command are logically combined with bits repre- 
senting such things as test conditions and system state to 
generate the required control signals to the Am2909 or 
Am2911. The block labeled ‘next address logic’’ may consist 
of simple gates, a PROM or a PLA, but it should be all combi- 
national. 
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Figure 1. Recommended Computer Control Unit Architecture Using the Am2911 or Am2909. 
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The Am29811A is a combinational circuit which implements 
16 sequence control instructions; it may be used with either 
an Am2909 or an Am2911. The set of instructions is nearly 
identical to that implemented internally in the Am2910. 


Figure 2 shows the CCU of Figure 1 with the Am29811A in 
place. The Am29811A, in addition to controlling the Am2911, 
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INSTRUCTION REGISTER 


OP CODE OTHER 


also controls a loop counter and several branch address 
sources. The instructions which are implemented by the 
Am29811A are shown in Figure 3, along with the Am29811A 
outputs for each instruction. Generating any instruction set 
consists simply of writing a truth table and designing combi- 
national logic to implement it. For more detailed information 
refer to “The Microprogramming Handbook”. 
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Figure 2. A Typical Computer Control! Unit Using the Am2911 and Am29811A. 
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Am29811A FUNCTION TABLE 


INPUTS OUTPUTS 


INSTRUCTION NEXT ADDR 
MNEMONIC - PL-E 
E 13 12 11 lo FUNCTION SOURCE COUNTER | MAP-E L 
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Figure 3. 
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Expansion of the Am2909 or Am2911 


Figure 4 shows the interconnection of three Am2911’s to 
form a 12-bit sequencer. Note that the only interconnection 
between packages, other than the common clock and control 
lines, is the ripple carry between uPC incrementors. This 
carry path is not in the critical speed path if the Am2911 Y 
outputs drive the microprogram memory, because the ripple 
carry occurs in parallel with the memory access time. If, on 
the other hand, a micro-address register is placed at the 
Am2911 output, then the carry may lie in the critical speed 
path, since the last carry-in must be stable for a set-up time 
prior to the clock. 


Selecting Between the Am2909 and Am2911 


The difference between the Am2909 and the Am2917 in- 
volves two signals: the data inputs to the holding register 


and the “OR” inputs. In the Am2909, separate four-bit fields 
are provided for the holding register and the direct branch 
inputs to the multiplexer. In the Am2911, these fields are 
internally tied together. This may affect the design of the 
branch address system, as shown in Figure 5. Using the 
Am2909, the register inputs may be connected directly to the 
microprogram memory; the internal.register replaces part of 
the pipeline register. The direct (D) inputs may be tied to the 
mapping logic which translates instruction op codes into 
microprogram addresses. While the same technique might 
be used with the Am2911, it is more common to connect the 
Am2911’s D inputs to a branch address bus onto which 
various sources may be enabled. Shown in Figure 5 is a 
pipeline register and a mapping ROM. Other sources might 
also be applied to the same bus. The internal register is used 
only for temporary storage of some previous branch ad- 
dress. 
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Figure 4. Twelve Bit Sequencer. 
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Figure 5. Branch Address Structures. 
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The second difference between the Am2909 and Am2911 is 
that the Am2909 has OR inputs available on each address 
output line. These pins can be used to generate multi-way 
single-cycle branches by simply tying several test conditions 
into the OR lines. See Figure 6. Typically, a branch is taken to 
an address with zeroes in the least significant bits. These bits 
are replaced with 1's or 0’s by test conditions applied to the 
OR lines. In Figure 6, the states of the two test conditions X 
and Y result in a branch to 1100, 1101, 1110, or 1111. 


MPR-104 


Figure 6. Use of OR Inputs to 
Obtain 4 - Way Branch. 


The Am29803A has been designed to selectively apply any 
or all of four different test conditions to an Am2909. Figure 7 
shows the truth table for this device. A nice trade off between 
flexibility and board space is achieved by using a single 
28-pin Am2909 for the least significant four bits of a sequen- 
cer, and using the space-saving 20-pin Am2911's for the 
remainder of the bits. A detailed logic design for such a 
system is contained in The Microprogramming Handbook. 


How to Perform Some Common Functions with 
the Am2909 or Am2911 


1. CONTINUE 


{rpc | Hoo | 1 [o o 1 x 


Contents of PC placed on Y outputs; PC incremented. 
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2. BRANCH 
MUX/Your STACK Ch S; So FE PUP 
D HOLD 1 1 1 1 XxX 














Feed data on D inputs straight through to memory ad- 
dress lines. Increment address and place in PC. 


3. JUMP-TO-SUBROUTINE 


MUX/Yoyr | STACK Ch 
D PUSH 1 


Sub-routine address fed from D inputs to memory address. 
Current PC is pushed onto stack, where it is saved for the 
return. 


4, RETURN-FROM-SUBROUTINE 
MUXIYoyr | STACK Gi 
STACK POP 1 




















The address at the top of the stack is applied to the micropro- 
gram memory, and is incremented for PC on the next cycle. 
The stack is popped to remove the return address. 
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Figure 7. 
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Metallization and Pad Layouts 


Am2909 


26 24 2300 (22 21 20 19 18 19 18 7 16 1514 13 12 





26 


27 
28 








° Numbers correspond to DIP pin-out 
DIE SIZE 0.110” X 0.160” 


Burn-in Circuit for Am2909 (Flatpack and Hermetic DIP) 


Voc O 








Notes: 

Max. loc = 200mMA 

Ta = +125°C fin 
Resistors = +5% 

Ry = 3900 

Ro = 5600 

R3 = 1k 


fin = 100kHz, 50% duty-cycle, 0-3V 


Vec min. = 5.0V 
Voc max. = 5.1V 






RE Az Ry R, Ry ORs Dy OR, Dy OR, D, ORy Do GND 


| 2] 3] 4] 5] 6] 7} of 9} 10) ss] 12] 15] 14) 
Ui aes ae a PS ee 





This circuit conforms to MIL-STD-883, Method 1005 and 1015, Condition D. Parallel excitation. 





MPR-726 
Burn-in Circuit for Am2911 
Notes: 
Max. Iocg = 200MA 
one eee Fim en eae ee 
Resistors = +5% 
PUSH/ FE Cy;.4 Cy, OF Y3 Yo Y; Yo Sy 
R, = 3900 POP 
Ro = 5602 
Rg = 1k 
fin = 100kHz, 50% duty-cycle, 0-3V 
From clock buffer on each board: CP Vcc RE _Dy Dz_Dy_Oo GND ZERO Sp 
cone E PCE 
Voc max. = 5.1V 
fin 
Voc O 
This circuit conforms to MIL-STD-883, Method 1005 and 1015, Condition D. Parallel excitation. MPR-727 
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ARCHITECTURE OF THE Am2909/Am2911 


The Am2909/Am2911. are bipolar microprogram sequencers 
intended for use in high-speed microprocessor applications. 
The device is a cascadable 4-bit slice such that two devices 
allow addressing of up to 256-words of microprogram and 
three devices allow addressing of up to 4K words of micro- 
program. A detailed logic diagram is shown in Figure 2. 


The device contains a four-input multiplexer that is used to 
select either the address register, direct inputs, microprogram 
counter, or file as the source of the next microinstruction ad- 
dress. This multiplexer is controlled by the Sg and Sj inputs. 


The address register consists of four D-type, edge triggered 
flip-flops with a common clock enable. When the address 
register enable is LOW, new data is entered into the register 
on the clock LOW-to-HIGH transition. The address register 
is available at the multiplexer as a source for the next micro- 
instruction address. The direct input is a four-bit field of 
inputs to the multiplexer and can be selected as the next 
microinstruction address..On the Am2911, the direct inputs 
are also used as inputs to the register. This allows an N-way 
branch where N is any word in the microcode. 


The Am2909/Am2911 contains a microprogram counter 
(uPC) that is composed of a 4-bit incrementer followed by a 
4-bit register. The incrementer has carry-in (Cy) and carry-out 
(Ch+4) such that cascading to larger word lengths is straight- 
forward. The PC can be used in either of two ways. When the 
least significant carry-in to the incrementer is HIGH, the 
microprogram register is loaded on the next clock cycle with 
the current Y output word plus one (Y+1>uPC.) Thus sequen- 
tial microinstructions can be executed. If this least significant 
Cry is LOW, the incrementer passes the Y output word unmod- 
ified and the microprogram register is loaded with the same 
Y word on the next clock cycle (Y>uPC). Thus, the same 
microinstruction can be executed any number of times by 
using the least significant Cy as the control. 


The last source available at the multiplexer input is the 4 x 4 
file (stack). The file is used to provide return address linkage 















Am2911 Am2911A Package Operating Screening: 
Order Order Type Range Level 

Number Number (Note 1) (Note 2) (Note 3) 
AM2911PC AM2911APC P-20 Cc C-1 
AM2911DC AM2911ADC D-20 Cc C-1 
AM2911DC-B AM2911ADC-B  D-20 c B-2 (Note 4) 
AM2911DM AM2911ADM D-20 M C-3 
AM2911DM-B AM2911ADM-B = D-20 M B-3 
AM2911XC_  AM2911AXC__—Diice c herbage 
AM2911XM  AM2911AXM Dice M 


Method 2010B. 


specified. 


STD-883, Class B. 
. 96 hours of burn-in. 


ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed 
outline. Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise 


2. C = 0°C to +70°C, Voc = 4.75V to 5.25V, M = — 55°C to + 125°C, Voc = 4.50V to 5.50V. 
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL- 
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when executing microsubroutines. The file contains a built-in 
stack pointer (SP) which always points to the last file word 
written. This allows stack reference operations (looping) to be 
performed without a push or pop. 


The stack pointer operates as an up/down counter with 
separate push/pop and file enable inputs. When the file enable 
input is LOW and the push/pop input is HIGH, the PUSH 
operation is enabled. This causes the stack pointer to 
increment and the file to be written with the required return 
linkage — the next microinstruction address following the sub- 
routine jump which initiated the PUSH. 


If the file enable input is LOW and the push/pop control is 
LOW, a POP operation occurs. This implies the usage of the 
return linkage during this cycle and thus a return from sub- 
routine. The next LOW-to-HIGH clock transition causes the 
stack pointer to decrement. If the file enable is HIGH, 
no action is taken by the stack pointer regardless of any 
other input. 


The stack pointer linkage is such that any combination of 
pushes, pops or stack references can be achieved. One micro- 
instruction subroutines can be performed. Since the stack is 
4 words deep, up to four microsubroutines can be nested. 


The ZERO input is used to force the four outputs to the 
binary zero state. When the ZERO input is LOW, all_Y 
outputs are LOW regardless of any other inputs (except OE). 
Each Y output bit also has a separate OR input such that a 
conditional logic one can be forced at each Y output. This 
allows jumping to different microinstructions on program- 
med conditions. 


The Am2909/Am2911 feature three-state Y outputs. These 
can be particularly useful in military designs requiring external 
Ground Support Equipment (GSE) to provide automatic 
checkout of the microprocessor. The internal control can 
be placed in the high-impedance state, and preprogrammed 
sequences of microinstructions can be executed via external 
access to the control ROM/PROM. 


Am2909 Am2909A Package Operating Screening 
Order Order Type Range Level 
Number Number (Note 1) (Note 2) (Note 3) 

AM2909PC AM2909APC . P-28 Cc C-1 
AM2909DC AM2909ADC D-28 Cc C-1 
AM2909DC-B AM2909ADC-B-  D-28 Cc B-2 (Note 4) 
AM2909DM AM2909ADM D-28 M C-3 
AM2909DM-B AM2909ADM-B D-28 M B-3 
AM2909FM AM2909AFM F-28-1 M C-3 
AM2909FM-B AM2909AFNM-B  F-28-1 M B-3 
AM2909XC  AM2909AXC__Dce c aarp aes, 
AM2909XM Dice M 


AMERIORSM Method 2010B. 


Figure 1. 
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Figure 2. Microprogram Sequencer Block Diagram. 
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Microprogram Controller 


DISTINCTIVE CHARACTERISTICS 

@ Twelve Bits Wide 
Address up to 4096 words of microcode with one chip. All 
internal elements are a full 12 bits wide. 

® internal Loop Counter 
Pre-settable 12-bit down-counter for repeating instructions 
and counting loop iterations. 

@ Four Address Sources 
Microprogram Address may be selected from microprogram 
counter, branch address bus, 5-level push/pop stack, or in- 
ternal holding register. 

®@ Sixteen Powerful Microinstructions 
Executes 16 sequence control instructions, most of which 
are conditional on external condition input, state of internal 
loop counter, or both. 

@ Output Enable Controls for Three Branch Address Sources 
Built-in decoder function to enable external devices onto 
branch address bus. Eliminates external decoder. 

@ All Registers Positive Edge-triggered 
Simplifies timing problems. Eliminates long set-up times. 

@ Fast Control from Condition Input 
Delay from condition code input to address output only 
21ns typical. 
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GENERAL DESCRIPTION 


The Am2910 Microprogram controller is an address sequencer 
intended for controlling the sequence of execution of micro- 
instructions stored in microprogram memory. Besides the ca- 
pability of sequential access, it provides conditional branching 
to any microinstruction within its 4096-microword range. A 
last-in, first-out stack provides microsubroutine return linkage 
and looping capability; there are five levels of nesting of micro- 
subroutines. Microinstruction loop count control is provided 
with a count capacity of 4096. 


During each microinstruction, the Microprogram controller 
provides a 12-bit address from one of four sources: 1) the 
microprogram address register (PC), which usually contains 
an, address one greater than the previous address; 2) an ex- 
ternal (direct) input (D); 3) a register/counter (R) retaining 
data loaded during a previous microinstruction; or 4) a five- 
deep last-in, first-out stack (F). 


For a detailed discussion of this architectural approach to micro- 
program control units, refer to ‘‘The Microprogramming Hand- 
book”, an AMD applications publication. 


TABLE OF CONTENTS 


Block Diagram ....... ccc cece cece cent neeeees 
Ordering Information...........0.c ccc e cece eee ene 
Instruction CodeS ........ 0... eee c eee teens 
Pin Connections ......... ccc cece cee eee eens 
DC Characteristics .......... cece cece eens 
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Instruction Explanations .........0... 0c cece eee eee eee 
Alternative System Architecture ..................0005 


For applications information, see Chapter II of “Build a Microcomputer”. 
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ARCHITECTURE OF THE Am2910 


The Am2910 is a bipolar microprogram controller intended 
for use in high-speed microprocessor applications. It allows 
addressing of up to 4K words of microprogram. A block dia- 
gram is shown in Figure 1. 


The controller contains a four-input multiplexer that is used to 
select either the register/counter, direct input, microprogram 
counter, or stack as the source of the next microinstruction 
address. 


The register/counter consists of 12 D-type, edge-triggered flip- 
flops, with a common clock enable. When its load control, 
RLD, is LOW, new data is loaded on a positive clock transition. 
A few instructions include load; in most systems, these in- 
structions will be sufficient, simplifying the microcode. The 
output of the register/counter is available to the multiplexer as 
a source for the next microinstruction address. The direct input 
furnishes a source of data for loading the register/counter. 


The Am2910 contains a microprogram counter (uPC) that is 
composed of a 12-bit incrementer followed by a 12-bit register. 
The PC can be used in either of two ways: When the carry-in 
to the incrementer is HIGH, the microprogram register is 
loaded on the next clock cycle with the current Y output 
word plus one (Y + 1 > uPC). Sequential microinstructions are 
thus executed. When the carry-in is LOW, the incrementer 
passes the Y output word unmodified so that PC is reloaded 
with the same Y word on the next clock cycle (Y > uPC). The 
same microinstruction is thus executed any number of times. 


The third source for the multiplexer is the direct (D) input. 
This source is used for branching. 


The fourth source available at the multiplexer input is a 5-word 
by 12-bit stack (file). The stack is used to provide return 
address linkage when executing microsubroutines or loops. 
The stack contains a built-in stack pointer (SP) which always 
points to the last file word written. This allows stack reference 
operations (looping) to be performed without a pop. 


The stack pointer operates as an up/down counter. During 
microinstructions 1, 4, and 5, the PUSH operation may occur. 
This causes the stack pointer to increment and the file to 
be written with the required return linkage. On the cycle 
following the PUSH, the return data is at the new location 
pointed to by the stack pointer. 


During five microinstructions, a POP operation may occur. 
The stack pointer decrements at the next rising clock edge 
following a POP, effectively removing old information from 
the top of the stack. 


The stack pointer linkage is such that any sequence of pushes, 
pops, or stack references can be achieved. At RESET (Instruc- 
tion 0), the depth of nesting becomes zero. For each PUSH, 
the nesting depth increases by one; for each POP, the depth 
decreases by one. The depth can grow to five. After a depth of 
five is reached, FULL goes LOW. Any further PUSHes onto a 
full stack overwrite information at the top of the stack, but 
leave the stack pointer unchanged. This operation will usually 
destroy useful information and is normally avoided. A POP 
from an empty stack may place non-meaningful data on the Y 
outputs, but is otherwise safe. The stack pointer remains at 
zero whenever a POP is attempted from a stack already empty. 





The register/counter is operated during three microinstructions 
(8, 9, 15) as a 12-bit down counter, with result = zero available 
as a microinstruction branch test criterion. This provides effi- 
cient iteration of microinstructions. The register/counter is 
arranged such that if it is preloaded with a number N and then 
used as a loop termination counter, the sequence will be exe- 
cuted exactly N+1 times. During instruction 15, a three-way 
branch under combined contro! of the loop counter and the 
condition code is available. 


The device provides three-state Y outputs. These can be par- 
ticularly useful in designs requiring automatic checkout of the 
processor. The microprogram controller outputs can be forced 
into the high-impedance state, and pre-programmed sequences 
of microinstructions can be executed via external access to the 
address lines. 


OPERATION 


Table | shows the result of each instruction in controlling the 
multiplexer which determines the Y outputs, and in controlling 
the three enable signals PL, MAP, and VECT. The effect on 
the register/counter and the stack after the next positive-going 
clock edge is also shown. The multiplexer determines which 
internal source drives the Y outputs. The value loaded into 
uPC is either identical to the Y output, or else one greater, 
as determined by Cl. For each instruction, one and only one 
of the three outputs PL, MAP, and VECT is LOW. If these 
outputs control three-state enables for the primary source of 
microprogram jumps (usually part of a pipeline register), 
a PROM which maps the instruction to a microinstruction 
starting location, and an optional third source (often a vector 
from a DMA or interrupt source), respectively, the three-state 
sources can drive the D inputs without further logic 





Several inputs, as shown. in Table Il, can modify instruction 
execution. The combination CC HIGH and CCEN LOW is used 
‘as a test in 9 of the 16 instructions. RLD, when LOW, causes 
the D input to be loaded into the register/counter, overriding 
any HOLD or DEC operation specified in the instruction. OE, 
normally LOW, may be forced HIGH to remove the Am2910 
Y outputs from a three-state bus. 





The stack, a five-word last-in, first-out 12-bit memory, has a 
pointer which addresses the value presently on the top of the 
stack. Explicit control of the stack pointer occurs during in- 
struction 0 (RESET), which makes the stack empty by resetting 
the SP to zero. After a RESET, and whenever else the stack is 
empty, the contents of the top of stack is undefined until a 
PUSH occurs. Any POPs performed while the stack is empty 
put undefined data on the F outputs and leave the stack 
pointer at zero. 


Any time the stack is full (five more PUSHes than POPs have 
occurred since the stack was last empty), the FULL warning 
output occurs. This signal first appears on the microcycle after 
a fifth PUSH. No additional PUSH should be attempted onto 
a full stack; if tried, information within the stack will be over- 
written and lost. 
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ORDERING INFORMATION | 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Package Type Operating Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 
AM2910PC P-40 Cc C-1 
AM2910DC D-40 Cc C-1 
AM2910DC-B D-40 Cc B-2 (Note 4) 
AM2910DM D-40 M C-3 
AM2910DM-B D-40 M B-3 
AM2910FM F-42 M C-3 
AM2910FM-B F-42 M B-3 
AM2910XC Dice Cc arene 
AM2910XM Dice M Method 20108. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed 
outline. Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise 
specified. 

2. rai 0°C to +70°C, Voc = 4.75V to 5.25V, M = — 55°C to +125°C, Voc = 4.50V to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL- 
STD-883, Class B. 

4. 96 hour burn-in. 


Metallization and Pad Layout 


34 33 32 31 30 29 28 27 





16 Die Size 0.170” x 0.194” 
(Note: Numbers refer to DIP connections) 








CONNECTION DIAGRAMS — Top Views 


DIP Flat Package 


Am2910 





MPR-107 MPR-108 





Pin 1 is marked for orientation. 
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TABLE |. INSTRUCTIONS 


MNEMONIC 


PASS __ 
CCEN = HIGH or CC = LOW 


ENABLE 








JUMP ZERO 


PL 





COND JSB PL 


PL 








JUMP MAP 





COND JUMP PL 


PL 








PUSH/COND LD CNTR 


PL 





COND JSBR/PL 
COND JUMP VECTOR 





PL 








COND JUMP R/PL 


PL 











PL 





REPEAT LOOP, CNTR #0 


PL 








(0) 
1 
2 
3 
4 
5 
6 
7 
8 
9 


REPEAT PL, CNTR #0 








COND RTN. 








COND JUMP PL & POP 








LD CNTR & CONTINUE 





TEST END LOOP 





CONTINUE 





THREE-WAY BRANCH 





Note 1: If CCEN = LOW and CC = HIGH, hold: else load. 


X = Don’t Care 


TABLE tl. PIN FUNCTIONS 


Name 


Direct Input Bit i 
Instruction Bit i 
Condition Code 
Condition Code Enable 


Carry-in 
Register Load 


Output Enable 

Clock Pulse 

+5 Volts 

Ground 

Microprogram Address Bit i 
Full 


Pipeline Address Enable 


Map Address Enable 


Vector Address Enable 





Function 


Direct input to register/counter and multiplexer. Dg is LSB 
Selects one-of-sixteen instructions for the Am2910 
Used as test criterion. Pass test is a LOW on GG, 


Whenever the signal.is HIGH, CC is ignored and the part operates 
as though CC were true (LOW). 


Low order carry input to incrementer for microprogram counter 


When LOW forces loading of register/counter regardless of 
instruction or condition 


Three-state control of Yj outputs 
Triggers all internal state changes at LOW-to-HIGH edge 


Address to microprogram memory. Yq is LSB, Y 74 is MSB 
Indicates that five items are on the stack 


Can select #1 source (usually Pipeline Register) as direct 
input source 


Can select #2 source (usually Mapping PROM or PLA) as 
direct input source 


Can select #3 source (for example, Interrupt Starting Address) 
as direct input source 
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Am2910 
MAXIMUM RATINGS (Above which the useful life may be impaired) 





























Storage Temperature ; __ 65°C to +150°C 
Temperature (Ambient) Under Bias j _ —55°C to +125°C 
Supply Voltage to Ground Potential —0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State _— —_ 7 ~— =0.5V to Veg max. 
DC Input Voltage 7 = 7 - ee et —0.5V to +5.5V 
DC Output Current, Into Outputs ee —__380mA 
DC Input Current — —. ~ =30mA to +5.0mA 
ELECTRICAL CHARACTERISTICS The Following Conditions Apply Unless Otherwise Specified: 

COM'L Ta =0°C to +70°C Vec = 5.0V 5% MIN. =4.75V. MAX. =5.25V 


MIL To = 85°C to +125°C = Vee = 5.0V #10% MIN. =4.50V MAX. =5.50V 
DC CHARACTERISTICS OVER OPERATING RANGE Typ 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Vec = MIN., loH = —1.6mA 


Output HIGH Voltage 
VIN = Vin oF VIL 





Vec = MIN. 


Output LOW Voltage 
VIN = Vin oF VIL 








Input HIGH Level (Note 4) : 
voltage for all inputs 





Guaranteed input logical LOW 
voltage for all inputs 


Input Clamp Voltage Vec = MIN,, tin = —18mA 


Input LOW Level (Note 4) 














Input LOW Current Vcc = MAX., Vin = 0.5V 








Input HIGH Current Voc = MAX., Vin = 2.7V 








Input HIGH Current Voc = MAX., Vin = 5.5V 


Output Short Circuit Current 
(Note 3) 





Vcc = MAX. 





Vcc = MAX. 


Oo OFF ae 
utput Current OE = 24V 








Am2910PC, DC 
Power Supply Current 





To = —58°C to 
Am2910DM, FM +125°C 
To = +125°C 








Notes: 1, For conditions shown as MIN, or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. These input levels provide no guaranteed noise immunity and should only be tested in a static-, noise-free environment. 



















3.0V 








ON C/ 
RAR av 


ACA LN 






TXXXKKKRY) 
WARRXXXRRR 


ween PREIS 




















ov 












See Tables A for ts and th for various 
inputs. See Tables B for combinational 
delays from clock and other inputs to 
outputs. See Figure 5 for timing of a 
typical CCU cycle. 






THKKRR RRR 
SRI IRRRRRR 
LUCAAAMAS 






OUTPUTS 





Figure 2. Switching Waveforms. MPR-109 
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Am2910 SWITCHING CHARACTERISTICS 


The tables below define the Am2910 switching characteristics. Tables A are set-up and hold times relative to the clock LOW-to-HIGH 
transition. Tables B are combinational delays. Tables C are clock requirements. All measurements are made at 1.5V with input levels at 


OV or 38V. All values are in ns. All outputs have maximum DC loading. 


I. TYPICAL ROOM TEMPERATURE CHARACTERISTICS (Ty = 25°C, Vec = 5.0V, C, = 50pF) 


A. Set-up and Hold Times B. Combinational Delays C. Clock Requirements (Note 1) 


Minimum Clock LOW Time 
Minimum Clock HIGH Time 














Minimum Clock Period, 
| = 8, 9, 15 (Note 2) 











Minimum Clock Period, |=14 

























CP (Note 2) 
|= 8,9, 15 


cP 
All other | 


a (Note 3) 


























Il. GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 
Am2910PC,DC (Ts = 0°C to +70°C, Voc = 4.75V to 5.25, C, = 50pF) 


A. Set-up and Hold Times B. Combinational Delays C. Clock Requirements (Note 1) 


Minimum Clock LOW Time 50 ns 
Minimum Clock HIGH Time 35 ss 





Minimum Clock Period, 
| = 8, 9, 15 (Note 2) 1284 a | 


Minimum Clock Period, '=14 | 93 | ns | 








cP P (Not 2) 














All other | 


“OE (Note 3) 











lil. GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 
Am2910DM,FM (To = —55°C to +125°C, Vec = 4.5V to 5.5V, C, = 50pF) 


A. Set-up and Hold Times B. Combinational Delays C. Clock Requirements (Note _ 


Minimum Clock LOW Time 


Minimum Clock HIGH Time 


‘Minimum Clock Period, 
| = 8, 9, 15 (Note 2) 























Minimum Clock Period, |=14 














CP (Note 2) 

















1 = 8, 9, 15 
cP 
All other | 
OE (Note 3) 
NOTES: change in the counter or could only decrement the counter. Use the 
1. Clock periods for instructions not specified are determined by external longer delays from CP to outputs if the instruction prior to the clock was 
conditions. 4 or 12 or RLD was LOW. 
2. These instructions are conditional on the counter. Use the shorter 3. Enable/Disable. Disable times measured to 0.5V change on output 
specified delay times if the previous instruction could produce no voltage level with C, = 5.0pF. 
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Figure 3. Typical Bipolar Microcomputer Using Am2910. 
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O JUMP ZERO (JZ) 


3 COND JUMP PL (CJP) 


50 

51 

52 

53 

54 30 
31 


6 COND JUMP VECTOR (CJV) 


50 
51 
52 
53 
54 


20 


a 


8 REPEAT LOOP, CNTR + 0 (RFCT) 


STACK 
(PUSH) 


REGISTER/ 


51 COUNTER 


52 
53 
54 
55 


11 COND JUMP PL & POP (CJPP) 


STACK 
(PUSH) 





50 
51 
52 
53 
54 
55 
56 


70 
71 
72 


14 CONTINUE (CONT) . 


51 
52 
53 


“) 


1 COND JSB PL (CuS) 


4 PUSH 


STACK 
REGISTER/ 
COUNTER 


7 COND JUMP R/PL (JRP) 


50 

51 

52 

53 
70 80 
71 81 





/COND LD CNTR (PUSH) 


9 REPEAT PL, CNTR # 0 (RPCT) 


51 
52 
53 


COUNTER 
(LDCT) 


12 LDCNTR & CONTINUE (LDCT) 


50 
51 
52 


15 THR 


62 
63 
64 
65 
66 


COUNTER 
53 


EE-WAY BRANCH (TWB) 
STACK 
(PUSH) 
REGISTER/ 
oad COUNTER 
C 72 
73 


Figure 4. Am2910 Execution Examples. 
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2 JUMP MAP (JMAP) 


5 COND JSB R/PL (JSRP) 
















10 COND RETURN (CRTN) 


STACK 
50 
51 
52 
53 
54 
55 


13 TEST END LOOP (LOOP) 


50 STACK 
51 (PUSH) 
52 
53 
54 
55 
56 
57 
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THE Am2910 INSTRUCTION SET 


The Am2910 provides 16 instructions which select the address 
of the next microinstruction to be executed. Four of the in- 
structions are unconditional — their effect depends only on 
the instruction. Ten of the instructions have an effect which is 
partially controlled by an external, data-dependent condition. 
Three of the instructions have an effect which is partially con- 
trolled by the contents of the internal register/counter. The 
instruction set is shown in Table I. In this discussion it is 
assumed that Cp is tied HIGH. 


In the ten conditional instructions, the result of the data- 
dependent test is applied to CC. If the CC input is LOW, the 
test is considered to have been passed, and the action speci- 
fied in the name occurs; otherwise, the test has failed and an 
alternate (often simply the execution of the next sequential 
microinstruction) occurs. Testing of CC may be disabled for a 
specific microinstruction by setting CCEN HIGH, which uncon- 
ditionally forces the action specified in the name; that is, it 
forces a pass. Other ways of using CCEN include (1) tying it 
HIGH, which is useful if no microinstruction is data-dependent; 
(2) tying it LOW if data-dependent instructions are never forced 
unconditionally; or (3) tying it to the source of Am2910 
instruction bit lo, which leaves instructions 4, 6, and 10 as 
data-dependent but makes others unconditional. All of these 
tricks save one bit of microcode width. 





The effect of three instructions depends on the contents of the 
register/counter. Unless the counter holds a value of zero, it 
is decremented; if it does hold zero, it is held and a different 
microprogram next address is selected. These instructions are 
useful for executing a microinstruction loop a known number 
of times. Instruction 15 is affected both by. the external con- 
dition code and the internal register/counter. 


Perhaps the best technique for understanding the Am2910 is 
to simply take each instruction and review its operation. In 
order to provide some feel for the actual execution of these 
instructions, Figure 4 is included and depicts examples of all 
16 instructions. 


The examples given in Figure 4 should be interpreted in the 
following manner: The intent is to show microprogram flow 
as various microprogram memory words are executed. For 
example, the CONTINUE instruction, instruction number 14, 
as shown in Figure 4, simply means that the contents of micro- 
program memory word 50 is executed, then the contents of 
word 51 is executed. This is followed by the contents of micro- 
program memory word 52 and the contents of microprogram 
memory word 53. The. microprogram addresses used in the 
examples were arbitrarily chosen and have no meaning other 
than to show instruction flow. The exception to this is the 
first example, JUMP ZERO, which forces the microprogram 
location counter to address ZERO. Each dot refers to the time 
that the contents of the microprogram memory word is in 
the pipeline register. While no special symbology is used for 
the conditional instructions, the text to follow will explain 
what the conditional choices are in each example. 


It might be appropriate at this time to mention that AMD has 
a microprogram assembler called AMDASM, which has the 
capability of using the Am2910 instructions in symbolic repre- 
sentation. AMDASM’s Am2910 instruction symbolics (or mne- 
monics) are given in Figure 4 for each instruction and are also 
shown.in Table I. 


Instruction 0, JZ (JUMP and ZERO, or RESET) uncondi- 
tionally specifies that the address of the next microinstruction 
is zero. Many designs use this feature for power-up sequences 





Am2910 





and provide the power-up firmware beginning at microprogram 
memory word location 0. 


Instruction 1 is a CONDITIONAL JUMP-TO-SUBROUTINE 
via the address provided in the pipeline register. As shown in 
Figure 4, the machine might have executed words at address 
50, 51, and 52. When the contents of address 52 is in the pipe- 
line register, the next address control function is the CONDI- 
TIONAL JUMP-TO-SUBROUTINE. Here, if the test is passed, 
the next instruction executed will be the contents of micro- 
program memory location 90. If the test has failed, the JUMP- 
TO-SUBROUTINE will not be executed; the contents of micro- 
program memory location 53 will be executed instead. Thus, 
the CONDITIONAL. JUMP-TO-SUBROUTINE instruction at 
location 52 will cause the instruction either in location 90 or 
in location 53 to be executed next. If the TEST input is such 
that location 90 is selected, value 53 will be pushed onto the 
internal stack. This provides the return linkage for the machine 
when the subroutine beginning at location 90 is completed. 
In this example, the subroutine was completed at location 93 
and a RETURN-FROM-SUBROUTINE would be found at 
location 93. 


Instruction 2 is the JUMP MAP instruction. This is an uncondi- 
tional instruction which causes the MAP output to be enabled 
so that the next microinstruction location is determined by 
the address supplied via the mapping PROMs. Normally, the 
JUMP MAP instruction is used at the end of the instruction 
fetch sequence for the machine. In the example of Figure 4, 
microinstructions at locations 50, 51, 52, and 53 might have 
been the fetch sequence and at its completion at location 53, 
the jump map function would be contained in th’ pipeline 
register. This example shows the mapping PROM outputs to 
be 90; therefore, an unconditional jump to microprogram 
memory address 90 is performed. 


Instruction 3, CONDITIONAL JUMP PIPELINE, derives its 
branch address from the pipeline register branch address value 
(BRg — BR in Figure 2). This instruction provides a tech- 
nique for branching to various microprogram sequences de- 
pending -upon the test condition inputs. Quite often, state 
machines are designed which simply execute tests on various 
inputs waiting for the condition to come true. When the true 
condition is reached, the machine then branches and executes 
a set of microinstructions to perform some function. This 
usually has the effect of resetting the input being tested until 
some point in the future. Figure 4 shows the conditional jump 
via the pipeline register address at location 52. When the con- 
tents of microprogram memory word 52 are in the pipeline 
register, the next address will be either location 53 or location 
30 in this example. If the test is passed, the value currently in 
the pipeline register (3) will be selected. If the test fails, the 
next address selected will be contained in the microprogram 
counter which, in this example, is 53. 


Instruction 4 is the PUSH/CONDITIONAL LOAD COUNTER 
instruction and is used primarily for setting up loops in micro- 
program firmware. In Figure 4, when instruction 52 is in the 
pipeline register, a PUSH will be made onto the stack and the 
counter will be loaded based on the condition. When a PUSH 


- occurs, the value pushed is always the next sequential instruc- 


tion address. In this case, the address is 53. If the test fails, the 
counter is not loaded; if it is passed, the counter is loaded with 
the value contained in the pipeline register branch address field. 
Thus, a single microinstruction can be used to set up a loop to 
be executed a specific number of times. Instruction 8 will 


2-143 











Am2910 





THE Am2910 INSTRUCTION SET (Cont.) 


describe how to use the pushed value and the register/counter 
for looping. 


Instruction 5 is a CONDITIONAL JUMP-TO-SUBROUTINE 
via the register/counter or the conteits of the PIPELINE 
register. As shown in Figure 4, a PUSH is always performed 
and one of two subroutines executed. In this example, either 
the subroutine beginning at address 80 or the subroutine be- 
ginning at address 90 will be performed. A return-from-sub- 
routine (instruction number 10) returns the microprogram 


flow to address 55. In order for this microinstruction control: ° 


sequence to operate correctly, both the next address fields of 
instruction 53 and the next address fields of instruction 54 
would have to contain the proper value. Let's assume that the 
branch address fields of instruction 53 contain the value 90 so 
that it will be in the Am2910 register/counter when the con- 
tents of address 54 are in the pipeline register. This requires 
that the instruction at address 53 load the register/counter. 
Now, during the execution of instruction 5 (at address 54), if 
the test failed, the contents of the register (value = 90) will 
select the address of the next microinstruction. If the test 
input passes, the pipeline register contents (value = 80) will 
determine the address of the next microinstruction. There- 
fore, this instruction provides the ability to select one of two 
subroutines to be executed based on a test condition. 


Instruction 6 is a CONDITIONAL JUMP VECTOR instruction 
which provides the capability to take the branch address from 
a third source heretofore not discussed. In order for this in- 
struction to be useful, the Am2910 output, VECT is used to 
control a three-state control input of a register, buffer, or 
PROM containing the next microprogram address. This in- 
struction provides one technique for performing interrupt type 
branching at the microprogram level. Since this instruction is 
conditional, a pass causes the next address to be taken from 
the vector source, while failure causes the next address to be 
taken from the microprogram counter. In the example of 
Figure 4 , if the CONDITIONAL JUMP VECTOR instruction is 
contained at location 52, execution will continue at vector 
address 20 if the CC input is LOW and the microinstruction at 
address 53 will be executed if the CC input is HIGH. 


Instruction 7 is a CONDITIONAL JUMP via the contents of 
the Am2910 REGISTER/COUNTER or the contents of the 
PIPELINE register. This instruction is very similar to instruc- 
tion 5; the conditional jump-to-subroutine via R or PL. The 
major difference between instruction 5 and instruction 7 is 
that no push onto the stack is performed with 7. Figure 4 
depicts this instruction as a branch to one of two locations 
depending on the test condition. The example assumes the 
pipeline register contains the value 70 when the contents of 
address 52 is being executed. As the contents of address 53 is 
clocked into the pipeline register, the value 70 is loaded into 
the register/counter in the Am2910. The value 80 is available 
when the contents of address 53 is in the pipeline register. 
Thus, control is transferred to either address 70 or address 80 
depending on the test condition. 


Instruction 8 is the REPEAT LOOP, COUNTER # ZERO in- 
struction. This microinstruction makes use of the decrementing 
capability of the register/counter. To be useful, some previous 
instruction, such as 4, must have loaded a count value into the 
register/counter. This instruction checks to see whether the 
register/counter contains a non-zero value. If so, the register/ 
counter is decremented, and the address of the next micro- 
instruction is taken from the top of the stack. If the register 
counter contains zero, the loop exit condition is occuring; 
control falls through to the next sequential microinstruction 






by selecting uPC; the stack is POP’d by decrementing the stack 
pointer, but the contents of the top of the stack are thrown 
away. 


An example of the REPEAT LOOP, COUNTER # ZERO in- 
struction is shown in Figure 4. In this example, location 50 
most likely would contain a PUSH/CONDITIONAL LOAD 
COUNTER instruction which would have caused address 51 to 
be PUSHed on the stack and the counter to be loaded with the 
proper value for looping the desired number of times. 


In this example, since the loop test is made at the end of the 
instructions to be repeated (microaddress 54), the proper 
value to be loaded by the instructions at address 50 is one less 
than the desired number of passes through the loop. This. 
method allows a loop to be executed .1 to 4096 times. If it is 
desired to execute the loop from 0 to 4095 times, the firm- 
ware should be written to make the loop exit test immediately 
after loop entry. 


Single-microinstruction loops provide a highly efficient capa- 
bility for executing a specific microinstruction a fixed number 
of times. Examples include fixed rotates, byte swap, fixed 
point multiply, and fixed point divide. 


Instruction 9 is the REPEAT PIPELINE REGISTER, COUNT- 
ER # ZERO instruction. This instruction is similar to instruc- 
tion 8 except that the branch address now comes from the 
pipeline register rather than the file. In some cases, this instruc- 
tion may be thought of as a one-word file extension; that is, 
by using this instruction, a loop with the counter can still be 
performed when subroutines are nested five deep. This instruc- 
tion's operation is very similar to that of instruction 8. The dif- 
ferences are that on this instruction, a failed test condition 
causes the source of the next microinstruction address to be 
the D inputs; and, when the test condition is passed, this in- 
struction does not perform a POF because the stack is not 
being used. 


In the example of Figure 4, the REPEAT PIPELINE, COUNT- 
ER # ZERO instruction is instruction 52 and is shown as a 
single microinstruction loop. The address in the pipeline reg- 
ister would be 52. Instruction 51 in this example could be the 
LOAD COUNTER AND CONTINUE instruction (number 12). 
While the example shows a single microinstruction loop, by 
simply changing the address in a pipeline register, multi- 
instruction loops can be performed in this manner for a fixed 
number of times as determined by the counter. ; 


Instruction 10 is the conditional RETURN-F ROM-SUBROU- 
TINE instruction. As the name implies, this instruction is used 
to branch from the subroutine back to the next microinstruc- 
tion address following the subroutine call. Since this instruc- 
tion is conditional, the return is performed only if the test is 
passed. If the test is failed, the next sequential microinstruction 
is performed. The example in. Figure 4 depicts the use of the 
conditional RETURN-FROM-SUBROUTINE instruction in 
both the conditional and the unconditional modes. This exam- 
ple first shows a jump-to-subroutine at instruction location 52 
where control is transferred to location 90. At location 93, a 
conditional RETURN-FROM-SUBROUTINE instruction is 
performed. If the test is passed, the stack is accessed and the 
program will transfer to the next instruction at address 53. If 
the test is failed, the next microinstruction at address 94 will 
be executed. The program will continue to address 97 where 
the subroutine is complete. To perform an unconditional 
RETURN-FROM-SUBROUTINE, the conditional RETURN- 
FROM-SUBROUTINE instruction is executed unconditionally; 
the microinstruction at address 97 is programmed to force 
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CCEN HIGH, disabling the test and the forced PASS causes an 
unconditional return. 


Instruction 11 is the CONDITIONAL JUMP PIPELINE register 
address and POP stack instruction. This instruction provides 
another technique for loop termination and stack maintenance. 
The example in Figure 4. shows a loop being performed from 
address 55 back to address 51. The instructions at locations 52, 
53, and 54 are all conditional JUMP and POP instructions. At 
address 52, if the CC input is LOW, a branch will be made 
to address 70 and the stack will be properly maintained via a 
POP. Should the test fail, the instruction at location 53 (the 
next sequential instruction) will be executed. Likewise, at 
address 53, either the instruction at 90 or 54 will be subse- 
quently executed, respective to the test being passed or failed. 
The instruction at 54 follows the same rules, going to either 80 
or 55. An instruction sequence as described here, using the 
CONDITIONAL JUMP PIPELINE and POP instruction, is very 
useful when several inputs are being tested and the micropro- 
gram is looping waiting for any of the inputs being tested to 
occur before proceeding to another sequence of instructions. 
This provides the powerful jump-table programming technique 
at the firmware level. 


Instruction 12 is the LOAD COUNTER AND. CONTINUE in- 
struction, which simply enables the counter to be loaded with 
the value at its parallel inputs. These inputs are normally con- 
nected to the pipeline branch address field which (in the 
architecture being described here) serves to supply either a 
branch address or a counter value depending upon the micro- 
instruction being executed. There are altogether three ways of 
loading the counter — the explicit load by this instruction 12; 
the conditional load included as part of instruction 4; and the 
use of the RLD input along with any instruction. The use of 
RLD with any instruction overrides any counting or decremen- 
tation specified in the instruction, calling for a load instead. Its 
use provides additional microinstruction power, at the expense 
of one bit of microinstruction width. This instruction 12 is 
exactly equivalent to the combination of instruction 14 and 
RLD LOW. Its purpose is to provide a simple capability to 
load the register/counter in those implementations which do 
not provide microprogrammed control for RLD. 


Instruction 13 is the TEST END-OF-LOOP instruction, which 
provides the capability of conditionally exiting a loop at the 
bottom: that is this is a conditional instruction that will cause 
the microprogram to loop, via the file, if the test is failed 
else to continue to the next sequential instruction. The 
example in Figure 4 shows the TEST END-OF-LOOP micro- 
instruction at address 56. If the test fails, the microprogram 
will branch to address 52. Address 52 is on the stack because 
a PUSH instruction had been executed at address 51. If the 
test is passed at instruction 56, the loop is terminated and the 
next sequential microinstruction at address 57 is executed, 
which also causes the stack to be POP’d; thus, accomplishing 
the required stack maintenance. : 
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Instruction 14 is the CONTINUE instruction, which simply 
causes the microprogram counter to increment so that the next 
sequential microinstruction is executed. This is the simplest 
microinstruction of all and should be the default instruction 
which the firmware ‘requests whenever there is nothing better 
to do. 


Instruction 15, THREE-WAY BRANCH, is the most complex. 
It provides for testing of both a data-dependent condition and 
the counter during one microinstruction and provides for se- 
lecting among one of three microinstruction addresses as the 
next microinstruction to be performed. Like instruction 8, a 
previous instruction will have loaded a count into the register/ 
counter while pushing a microbranch address onto the stack. 
Instruction 15 performs a decrement-and-branch -until-zero 
function similar to instruction 8. The next address is taken 
from the top of the stack until the count reaches zero; then 
the next address comes from the pipeline register. The above 
action continues as long as the test condition fails. If at any 
execution of instruction 15 the test condition is passed, no 
branch is taken; the microprogram counter register furnishes 
the next address. When the loop is ended, either by the count 
becoming zero, or by passing the conditional test, the stack is 
POP’d by decrementing the stack pointer, since interest in the 
value contained at the top of the stack is then complete. 


The application of instruction 15 can enhance performance 
of a variety of machine-level instructions. For instance, (1) a 
memory search instruction to be terminated either by finding 
a desired memory content or by reaching the search limit; 
(2) variable-field-length arithmetic terminated early upon 
finding that the content of the portion of the field still un- 
processed is all zeroes; (3) key search in a disc controller pro- 
cessing variable length records; (4) normalization of a floating 
point number. 


As one example, consider the case of a memory search instruc. 
tion. As shown in Figure 4, the instruction at microprogram 
address 63 can be Instruction 4 (PUSH), which will push the 
value 64 onto the microprogram stack and load the number N, 
which is one less than the number of memory locations to be 
searched before giving up. Location 64 contains a microin- 
struction which fetches the next operand from the memory 
area to be searched and compares it with the search key. Loca- 
tion 65 contains a microinstruction which tests the result of the 
comparison and also is a THREE-WAY BRANCH for micro- 
program control. If no match is found, the test fails and the 
microprogram goes back to location 64 for the next operand 
address. When the count becomes zero, the microprogram 
branches to location 72, which does whatever is necessary if 
no match is found. If a match occurs on any execution of the 
THREE-WAY BRANCH at location 65, control falls through 
to location 66 which handles this case. Whether the instruction 
ends by finding a match or not, the stack will have been POP’d 
once, removing the value 64 from the top of the stack. 
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ARCHITECTURES USING THE Am2910 
(Shading shows path(s) which usually limit speed) 


Figure 5. 


One Level Pipeline Based 
(Recommended) 


MAP 


STATUS 
REGISTER 





One level pipeline provides better speed than most other architectures. The Program Memory and the 
Am2901 array are in parallel speed paths instead of in series. This is the recommended architecture for 
Am2900 designs. 
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OTHER ARCHITECTURES USING THE Am2910 
(Shading shows path(s) which usually limit speed) 

















Figure 6. 





A. Instruction Based B. Addressed Based 


MAP 








Sees aeons: 
See 








The Register at the Am2910 output contains the address of 
the microinstruction being executed. The Microprogram Mem- 
ory and Am2901 are in series in the critical path. This archi- 
tecture provides about the same speed as the Instruction based 
architecture, but requires fewer register bits, since only the 
address (typically 10-12 bits) is stored instead of the instruc- 
tion (typically 40-60 bits). 


A Register at the Microprogram Memory output contains the 
microinstruction being executed. The microprogram memory 
and Am2901 delay are in series. Conditional branches are exe- 
cuted on same cycle as the ALU operation generating the 
condition. 
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C. Data Based D. Two Level Pipeline Based 


MAP 





STATUS 
REGISTER 


S$ (A-1) 


Ss (A) 


STATUS 
REGISTER 


S(A—1) 


Two level pipeline provides highest possible speed. It is more 
difficult to program because the selection of a microinstruction 
occurs two instructions ahead of its execution. 


The Status Register provides conditional Branch control based 
on results of previous ALU cycle. The Microprogram Memory 
and Am2901 are in series in the critical paths. 


MPR-116 MPR-117 
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Quad Bus Transceiver 





Distinctive Characteristics 


@ Input to bus is inverting 

® Quad high-speed open collector bus transceiver 

® Driver outputs can sink 100mA at 0.8V maximum 
© Bus compatible with Am2905, Am2906, Am2907 


FUNCTIONAL DESCRIPTION 


The Am2912 is a quad Bus Transceiver consisting of four high- 
speed bus drivers with open-collector outputs capable of sinking 
100mA at 0.8 volts and four high-speed bus receivers. Each 
driver output is connected internally to the high-speed bus re- 
ceiver in addition to being connected to the package pin. The 
receiver has a Schottky TTL output capable of driving 10 
Schottky TTL unit toads. 


An active LOW enable gate controls the four drivers so that 
outputs of different device drivers can be connected together for 
party-line operation. The enable input can be conveniently driven 
by: active LOW decoders such as the Am25LS139. 


The bus output high-drive capability in the LOW state allows 
party-line operation with a line impedance as low as 1000. The 
line can be terminated at both ends, and still give considerable 
noise margin at the receiver. The receiver typical switching point 
is 2.0 volts. 


The Am2912 features advanced Schottky processing to 
minimize propagation delay. The device package also has two 
ground pins to improve ground current handling and allow close 
decoupling between Vcc and ground at the package. Both 
GND, and GND, should be tied to the ground bus external to the 
device package. 


CONNECTION DIAGRAM 
Top View 


Note: Pin 1 is marked for orientation. 


BLI-062 


© Advanced Schottky processing 

@ PNP inputs to reduce input loading 

@ 100% reliability assurance testing in compliance with 
MIL-STD-883 


LOGIC DIAGRAM 


LOGIC SYMBOL 


lo Wy Ip Ig 
20 
Am2912 21 
QUAD 22 
TRANSCEIVER 2 
3 


Bo 8) 82 83 


Vee = Pin 16 
GND, =Pin1 
GND2 = Pin8 
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MAXIMUM RATINGS (Above which the useful life may be impaired) _ 


‘Storage Temperature 


Am2912 


__= 85°C to +150°C 





Temperature (Ambient) Under Bias 


55°C to +125°C 





Supply Voltage to Ground Potential 


“—0.5V to +7V 





DC Voltage Applied to Outputs for High Output State 


_=0.8V to +Vec max. 











DC Input Voltage —0.5V to +5.5V 
‘Output Current, Into Bus Soa, 200 mA 
30 mA 


Output Current, Into Outputs (Except Bus) 








DC Input Current 


ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Uniess Otherwise Noted) 


Am2912PC, DC, XC 
Am2912DM, FM, XM 


Parameters 





Ta =0°C to +70°C 


Description 


Output HIGH Voltage 
(Receiver Outputs) 


Ta = —55°C to +125°C 
A 





Vcc = 5.0V +£5% (COM’L) 
Voc = 5.0V +10%. (MIL) 


Test Conditions (Note 1) 


Vcc = MIN., loH = -1.0mA 
VIN = VIL or ViH 





Output LOW Voltage 
(Receiver Outputs) 


Vcc = MIN., lo_ = 20mA 
Vin = Vit or ViH 


MIN. = 4.75V 
MIN. = 4.5V 


MAX. = 5.25V 
MAX. = 5.5V 


Typ. 
(Note 2) 


=30mA to +5.0mA 


Max. 

















a 


Input HIGH Level 
(Except Bus) 


Guaranteéd input logical HIGH 
for all inputs 











Input LOW Level 


Guaranteed input logical LOW 





(Except Bus) for all inputs 








Input Clamp Voltage 


Vv = MIN., lip = —18mMA 
(Except Bus) ce IN 


Enable 


Enable 
Data’ 





Input LOW Current 


Vv = MAX., Vin = 0.4V 
(Except Bus) we ie 





Input HIGH Current 


Voc = MAX., Vin = 2.7V 
(Except Bus) oS 


Input HIGH Current 
(Except Bus) 








Vcc = MAX., Vin = 5.5V 


Output Short Circuit Current 
(Except Bus) 





Vcc = MAX. (Note 3) 











Vcc = MAX. 
Enable = GND 


Power Supply Current 
(Ail Bus Outputs LOW) 





Bus Input/Output Characteristics 


Typ. 
(Note 2) 


Parameters Description Test Conditions (Note 1) Min. . Max. Units 











lo_ = 100mA 





Output LOW Voltage 


lo, = 70mMA 
IOL = 100mA 

















Bus Leakage Current 





Bus Leakage Current (Power Off) Vo = 4.5V 








Bus Enable = 2.4V 
Vcc = MAX 





Receiver Input HIGH Threshold 








Bus Enable = 2.4V 
Vcc = MIN 





Receiver Input LOW Threshold 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified. under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25 C ambient and maximum loading. 
3.| Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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SWITCHING CHARACTERISTICS (T, = 25°C, Vcc = 5.0V) 


Parameters Description Test Conditions Min Typ Max Units 


Data Input to Bus 


Rp = 500 
Cp = 50pF (Note 1) 





Enable Input to Bus 





Rp = 500, RL = 2800 


Bus to Heceiver Out Cp = 50pF (Note 1), C, = 15pF 





Rp = 502 
Cp = 50pF (Note 1) 





Note 1. Includes probe and jig capacitance. 


TRUTH TABLE 





H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Don’t Care 

Y = Voltage Level of Bus (Assumes Control by 
Another Bus Transceiver) 


ORDERING INFORMATION 


Order the part number according to the. table below to obtain the desired package, temperature range and screening level. 





Order Package Type Operating Range Screening Level 
Number (Note 1) (Note 2) (Note 3) 

AM2912PC P-16-1 Cc C-1 
AM2912DC D-16-1 Cc C-1 
AM2912DC-B D-16-1 Cc B-1 
AM2912DM D-16-1 M C-3 
AM2912DN-B D-16-1 M B-3 
AM2912FM F-16-1 M C-3 
AM2912FM-B F-16-1 M B-3 
AM2912XC Dice C perience 
AM2912XM Dice M 


Method 2010B. 








Notes: 


1, P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. Where Appendix B 
contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 

2. C = 0 to 70°C, Vec = 4.75V to 5.25V, M = ~55 to + 125°C, Voc = 4.50V to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, Class B. 


2-150 


Am2912 













TYPICAL PERFORMANCE CURVES. 


Typical Bus Output Low Voltage Receiver Threshold Variation 
Versus Ambient Temperature Versus Ambient Temperature 








1.0 








Voc = +8.0V 









08 


0.6 









[igus=70mA | 70mA — 
Se 


aE act 


0 
~55 -35-15 5 25 45 665 85 105 125 
Ta — AMBIENT TEMPERATURE — °C 


0.4 | — 





| NES 


: Vec = 4.5V 


—55-35-15 5 25 45 65 85 105 125 
Ta — AMBIENT TEMPERATURE - °C 

























0,2 











VoL — BUS OUTPUT VOLTAGE — VOLTS 





V7 — RECEIVER THRESHOLD VOLTAGE — VOLTS 


BLI-064 BLI-065 











TYPICAL APPLICATION 


ADDRESS 








STROBE 





tNPUTS 






INPUTS 


INPUTS INPUTS 















lo 4 lz '3 lo 14 I2 13 lo 4 Ig Ig E lo 14 12 13 































Zo Zo Zo fO Zo}O 
21 RECEIVER RECEIVER O RECEIVER Z,/0 RECEIVER 
OUTPUTS Am2912 Z2 OUTPUTS Am2912 O OUTPUTS Am2912 220 OUTPUTS 
23 O 230 
45V Bo Bo B3 45V 





10082 PARTY-LINE OPERATION. 
BLI-066 








Metallization and Pad Layout 


Voc 
16 5 





GND, 1 15 B3 
By 2 
14 Zz 
Zp 3 3 
1 
Ig 4 3 13 
8 12 £E 
Ig 
Zz; 6 
10 Zp 
B, 7 
GND2 8 9 By 


DIE SIZE 0.059" X 0.075" 
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SWITCHING CHARACTERISTICS 


TEST CIRCUIT 
z 
Vec erie , Vec 


PULSE 2802 
GENERATOR 
NO. 1 


Cy 


me DIODES 
N (Note 1 ALL DI 
Nowe 1N916 OR 
EQUIVALENT 


PULSE 
GENERATOR 
NO. 2 











BLI-067 
Note 1. Includes Probe and Jig Capacitance. 
WAVEFORMS 

3.0V 

{INPUT 1.5V 
ov 
3.0V 

E INPUT | 


B TEST POINT 


Z TEST POINT 
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Priority Interrupt Expander 








Distinctive Characteristics 


@ Encodes eight lines to three-line binary : ® Gated three-state output 

@ Expands use of Am2914 ® Advanced Low-Power Schottky processing 

@ Cascadable ® 100% reliability assurance testing in compliance with 
® Similar in function to Am54LS/74LS/25LS 148/2513 MIL-STD-883 











LOGIC SYMBOL 





FUNCTIONAL DESCRIPTION © 


The Low-Power Schottky Priority Interrupt Expander is an 
extention of the Am2900 series of Bipolar Processor family 
and is used to expand and prioritize the output of the Am2914 
Priority Interrupt circuit. Affording an increase of vectored 
priority interrupt in groups of eight, this unit accepts active 
LOW inputs and produces a three-state active HIGH output 
prioritized from active 17 to Io. The output is gated by five 
control signals, three active LOW and two active HIGH. Also 
provided is a cascade input (El) and Enable Output (EO). 














Am2913 










Ag AY 





One Am2913 will accept and encode group signal lines from up 
to 8 Am2914's (64 levels of interrupt). Additional Am2913’s 
may be used to encode more interrupt levels. 






MPR-118 














MPR-119 





CONNECTION DIAGRAM 
Top View 


Voc FO Ip Ty Ip T) G5 GQ G GS 





Tq qs Tg 17 El Ag Ay Ag Gy GND 


Note: Pin 1 is marked far orientation. 
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ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Ta =0°C to +70°C Veco =5.0V 45% MIN. =4.75V MAX. = 5.25 V 

MIL Ta =—88°C to +125°C }=—- Veg = 5.0V 410% MIN. =4.50V MAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE — 

Parameters Description Test Conditions (Note 1) (Note 2): Max. 


Min. 
Voc = MIN. COM'L, I = —2.6mA 24 
Output HIGH Voltage ce oH 


Vin =VIH Or VIL not pres MIL 2.5 
SOE Gari GON Ll ie-- 2 


Vec = MIN. 
VIN = Vin oF ViL 





















Output LOW Voltage 





Guaranteed input logical HIGH 


Input HIGH Level 5 
voltage for all inputs 





Guaranteed input logical LOW 


Input LOW Level voltage for ali inputs 





Input Clamp Voltage Vec = MIN., lin = —18MA 





Input LOW Current 
All others 


E1,G4,G2,G3,G4,G5,19 





input HIGH Current 








Input HIGH Current ; 
Off-State (High-I mpedance) : Vo = 0.4V 


Output Current 


Output Short Circuit Current 
(Note 3) 


Power Supply Current 
(Note 4) 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. All inputs and outputs open. : . 


ORDERING INFORMATION 







Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 















Package Type Operating Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 
AM2913PC P-20 Cc C-1 
AM2913DC D-20 Cc C-1 
AM2913DC-B D-20 Cc B-1 
AM2913DM D-20 M C-3 
AM2913DM-B D-20 M B-3 
AM2913FM F-20 M C-3 
AM2913FM-B F-20 M B-3 
AM2913XC Dice C viewal (epection 
AM2913XM Dice M Method 2010B. 





Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used uniess otherwise specified. 
2. C = 0°C to +70°C, Voc = 4.75V to 5.25V, M = — 58°C to + 125°C, Voc = 4:50V to 5.50V. 
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


























Storage Temperature - 65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State —0.5V to+Vcc max. 
DC Input Voltage —0.5V to +7.0V 
DC Output Current, Into Outputs 30mA 








DC Input Current —30mA to +5.0mA 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) - 
Parameters Description Min. Typ. _ Max. Units Test Conditions 








Tj to Ap (In-phase) 

















Tj to An (Out-phase) 









































SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 








Am2913 COM’L Am2913 MIL 














Ta =-55 Cto+125°C 


Ta =0°C to +70°C 
Vcc =5.0V +10% 


Vec = 5.0V +5% 


Min. Max. Test Conditions 







Parameters Description 


tPLH 














































Gy or Gato An 








G3, Ga, Gs to An 














Gq or Gato An 








G3, G4, Gs to Ay 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


Note: i=Oto7 
n=O0to2 
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DEFINITIONS OF FUNCTIONAL TERMS 














Metallization and Pad Layout 








A0,A1,A2 — Three-state, active high encoder outputs 









ET Enable input provided to allow cascaded oper- 
ation 

EO Enable output provided to enable the next lower 
order priority chip 

Gj, G2 Active high three-state output controls 






G3, G4,G5 Active low three-state output controls 
19-7 Active low encoder inputs 













TRUTH TABLE 









Inputs 


























El to 1 To T3 Ts Ty Te 17} Ag Ay Ag EO 
HX xX xX XxX xX K xX X*I LH 
L H H H H H KH H H L l 
iL x x x x x x x ul H H 
Lu x x xX xX X xX LH HOH 
L. x x x x x L H H H H 
Lox x x xX LH HH HH 
I. x xX x L H H H H t H 
L x x L H H H H H b H 
L x L H H H H H H L H 
u L H H H H H H H L H 











H = HIGH Voitage Level 

L = LOW Voltage Level 

X = Don't Care 

For Gy =H, Gg=H,G3=L,Gg=Ll,GR=Lb 









Ao Ai 
Enabled 
2 z 














2 Z 
z Zz 
z 2 
z Zz 









DIE SIZE 0.082” X 0.085” 





Z = HIGH Impedance 









LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 





DRIVING OUTPUT DRIVING OUTPUT DRIVEN INPUT 









Note: Actual current flow direction shown. 
MPR-121 
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INSTRUCTION 
ENABLE 


3 


instRUCTION J '2 
INPUT Pe 
oa 





Am2914 


"4 
'9 


Shown above is the connection of the instruction lines and vector output lines in a 64-input priority inter- 
rupt system. The Am2913 is used to encode the most significant bits associated with the vector output. 
MPR-122 
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Vectored Priority interrupt Controller 





DISTINCTIVE CHARACTERISTICS 


@ Accepts 8 interrupt inputs 
Interrupts may be pulses or levels and are stored internally 
Built-in mask register 
Six different operations can be performed on mask 
register 
@ Built-in status register 
Status register holds code for lowest allowed interrupt 
@ Vectored output 
Output is binary code for highest priority un-masked 
interrupt 
@ Expandable 
Any number of Am2914’s may be stacked for large inter- 
rupt systems 
®@ Microprogrammable 
Executes 16 different microinstructions 
Instruction enable pin aids in vertical microprogramming 
@ High-speed operation 
Delay from an interrupt clocked into the interrupt register 
to interrupt request output is typically GO ns 
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For applications information, 
see Chapter VI of “Build a Microcomputer”. 



















FUNCTIONAL DESCRIPTION 


The Am2914 is a high-speed, eight-bit priority interrupt unit 
that is cascadable to handle any number of priority interrupt 
request levels. The high-speed of the Am2914 makes it ideal 
for use in Am2900 family microcomputer designs, but it can 
also be used with the Am9080A MOS microprocessor. 


The Am2914 receives interrupt requests an 8 interrupt input 
lines (P9-P7). A LOW level is a request. An internal latch may 
be used to catch pulses on these lines, or the latch may be 
bypassed so the request lines drive the edge-triggered interrupt 
register directly. An 8-bit mask register is used to mask indi- 
vidual interrupts. Considerable flexibility is provided for 
controlling the mask register. Requests in the interrupt register 
are ANDed with the corresponding bits in the mask register 
and the results are sent to an 8-input priority encoder, which 
produces a three bit encoded vector representing the highest 
numbered input which is not masked. 


An internal status register is used to point to the lowest 
priority at which an interrupt will be accepted. The contents 
of the status register are compared with the output of the 
priority encoder, and an interrupt request output will occur 
if the vector is greater than or equal to status. Whenever a 
vector is read from the Am2914 the status register is auto- 
matically updated to point to one level higher than the vector 
read. (The status register can be loaded externally or read out 
at any time. using the S pins.) Signals are provided for moving 
the status upward across devices (Group Advance Send and 
Group Advance Receive) and for inhibiting lower priorities 
from higher order devices (Ripple Disable, Parallel Disable, and 
Interrupt Disable). A status overflow output indicates that 
an interrupt has been read at the highest priority. 

The Am2914 is controlled by a 4-bit instruction field 19-13. 
The command on the instruction lines is executed if IE is LOW 
and is ignored if IE is HIGH, allowing the 4 I bits to be shared 
with other devices. 


LOGIC SYMBOL 


‘5 GROUP INTERRUPT 
7 ADVANCE DISABLE 
Pe SEND GROUP 


SIGNAL 


INTERRUPT 7 

P3 {INPUTS bein 2 
VEC 

P2 out ) “1 

Vo 


STATUS 
OVERFLOW 


Mi 82 
5 Am2914 
status? 54 


So 





(INSTRUCTION GROUP 


ENABLE 


INTERRUPT 
\ INSTRUCTION REQUEST 


CLOCK ADVANCE RIPPLE PARALLEL 
RECEIVE DISABLE DISABLE 
“O Oo 
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LATCH 
BYPASS LZ 








P, 
i 

INTERRUPT [_> 

INPUTS 











INTR 
LATCHES 


= <4 — | 
8-BIT o-4 
MASK REGISTER 


CLEAR 
CONTROL 






8-INPUT 
Mi PRIORITY 
M~ BUS ENCODER 





INSTRUCTION 
ENABLE [> 

































3 
iH MICRO 
instRucTION [_> INSTRUCTION 
INPUTS DECODE : 
Si 
STATUS . 
BUS 


[L>—— INPUT PIN 


—} outrut Pin 
BIDIRECTIONAL 
EE 0 


BLOCK DIAGRAM DESCRIPTION 


The Microinstruction Decode circuitry decodes the Interrupt 
Microinstructions and generates required control signals for 
the chip. 


The Interrupt Register holds the Interrupt Inputs and is an 
eight-bit, edge-triggered register which is set on the rising edge 
of the CP Clock signal. 


The Interrupt latches are set/reset-type latches. When the 
Latch Bypass signal is LOW, the latches are enabled and act 
as negative pulse catchers on the inputs to the Interrupt 
Register. When the Latch Bypass signal is HIGH, the Interrupt 
latches are transparent. 


The Mask Register holds the eight mask bits associated with 
the eight interrupt levels. The register may be loaded from 
or read to the M Bus. Also, the entire register or individual 
mask bits may be set or cleared. 


The Interrupt Detect circuitry detects the presence of any 
unmasked Interrupt Input. The eight-input Priority Encoder 
determines the highest priority, non-masked Interrupt Input 
and forms a binary coded interrupt vector. Following a Vector 
Read, the three-bit Vector Hold Register holds the binary 
coded interrupt vector. This stored vector is used for clearing 
interrupts. 


The three-bit Status Register holds the status bits and may 
be loaded from or read to the S Bus. During a Vector Read, 
the Incrementer increments the interrupt vector by one, and 
the result is clocked into the Status Register. Thus the Status 
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- PIN SYMBOLS 
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VECTOR 
CLEAR ENABLE 
FLIP-FLOP 





























vi 









VECTOR 
a LY OUTPUT 
INTERRUPT 
INTR REQUEST [0 aequest 
AND 
ROUP ENABLE 
. SUF EN PARALLEL 
[> DISABLE 
RIPPLE 
[ > DISABLE 
: GROUP 
———D aovance 
—sT () SEND 
INTERRUPT 
DISABLE STATUS 
STATUS 
OJ OVERFLOW JO—{_ 
CI ge FLIP-ECOP OVERFLOW 
GROUP 
3-BIT ENABLE LOWEST GROUP Gs 
STATUS [ > O ENABLED O { > GRouP 
REGISTER FLIP-FLOP SIGNAL 


GROUP ADVANCE 
RECEIVE 


OPEN COLLECTOR 
OUTPUT 


THREE-STATE 
OUTPUT 
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Register always points to the lowest level at which an interrupt 
will be accepted. 


The three-bit Comparator compares the Interrupt Vector with 
the contents of the Status Register and indicates if the Inter- 
rupt Vector is greater than or equal to the contents of the 
Status Register. 


The -Lowest Group Enabled Flip-Flop is used when a number 
of 2914's are cascaded. In a cascaded system, only one Lowest 
Group Enabled Flip-Flop is LOW at a time. It indicates the 
eight interrupt group, which contains the lowest priority 
interrupt level which will be accepted and is used to form the 
higher order status bits. 


The Interrupt Request and Group Enable logic contain various 
gating to generate the Interrupt Request, Parallel Disable, 
Ripple Disable, and Group Advance Send signals. 


The Status Overflow signal is used to disable all interrupts. It 
indicates the highest priority interrupt vector has been read 
and the Status Register has overflowed. 


The Clear Control logic generates the eight individual clear 
signals for the bits in the Interrupt Latches and Register. The 
Vector Clear Enable Flip-Flop indicates if the last vector read 
was from this group. When it is set, it enabies the Clear 
Control Logic. 


The CP clock signal is used to clock the Interrupt Register, 
Mask Register, Status Register, Vector Hold Register, and the 
Lowest Group Enabled, Vector Clear Enable and Status 
Overflow Flip-Flops, all on the clock LOW-to-HIGH transition. 
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CONNECTION DIAGRAMS — Top Views 







DIP Flat Package 
P3[E)) © 4oT } M2 ie 
Mg [L_]2 30] P2 
GROUP SIGNAL asf] My 
GROUP ADVANCE 
Receive L_} 4 37 * 
GROUP ENABLE [- | 5 36 [| Mo 


INTERRUPT é 
pisabLe L—} & 35} J Po 


RIPPLE DISABLE [7 


PARALLEL 
pisaBLe L_| ® 


ENABLE 


2 
3 
4 
5 
6 
7 
8 
9 


INTERRUPT 9 32 '9 
REQUEST \_] | Am2914 
VecL_}1 at 
Am2914 
S» 30[_]GrouND 
8; (7_}12 29f |cLock 
SoL_}13 28[ J'o 
STATUS LATCH 
OVERFLOW 271_| sypass 
GROUP ADVANCE P 
SEND L| oo 
V2 [_] 16 2{ | M4 
v1 aaf Ps 
VoL] 18 23 {_] Ms ; 
: Actual Size 
“7[_]18 Actual Size 22{ ]Ps 1.1” X 0.6” 





P7[_]20 2”X 0.6" 2{_ ]M, _ ——__— 
MPR-125 *Note: GND’s and pins 2, 19, 31 must all be tied together externally. 


Note: Pin 1 is marked for orientation. 


Metallization and Pad Layout 


543 2 1 40 39 38 37 36 35 


DIE SIZE 

0.133" X 0.187" 
Numbers correspond 
to DIP pin-out. 








1617 18 19 20 21 22 23 24 25 26 


TABLE | 
MICROINSTRUCTION SET FOR Am2914 PRIORITY INTERRUPT CIRCUIT 


Decimal Decimal 
Iglal4lg Mnemonic Instruction Iglalylo Mnemonic Instruction 
Mask Register Functions Vectored Output 
14 LDM Load mask register from M bus 5 RDVC Read vector output to V outputs, load V+1 
7 RDM Read mask register to M bus into status register, load V into vector hold 
a2 aly — apes er at ote ideation register and set vector clear enable flip-flop. 
et mask register (inhibits all interrupts mee 
10 BCLRM __ Bit clear mask register from M bus Priority Interrupt Register Clear 
11 BSETM _ Bit set mask register from M bus d rept ere er GU INS. 
9 3 CLRMR ee isles from’ mask register data (uses 
: . the us 
Status Register Functions 2 CLRMB Clear interru 
; pts from M bus data 
9 LDSTA Load status register from S bus and LGE 4 CLRVC Clear the individual interrupt associated with 
flip-flop from GE input the last vector read 
6 RDSTA Read status register to S bus 
Master Clear 
interrupt Request Control 0 MCLR Clear all interrupts, clear mask register, clear 
15 ENIN Enable interrupt request status register, clear LGE flip-flop, enable 
13 DISIN Disable interrupt request interrupt request. 
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Pre-Seal Visual Inspection 


Stabilization Bake 



















Temperature Cycle 







Centrifuge 
Fine Leak 


MIL-STD-883 
Method 





STANDARD SCREENING 
(Conforms to MIL-STD-883 for Class C Parts) 


2010 


Conditions 


—~65°C to +150°C 


5x 10-8 atm-cc/sec 


24-hour 


1Ocycles | 


100% 


100% 


100% 


100% * 
100% * 

















Gross Leak 
Electrical Test 
Subgroups 1 and 7 


Group A Sample Tests 
Subgroup 1 
Subgroup 2 
Subgroup 3 
Subgroup 7 

Subgroup 8 

Subgroup 9 










*Not applicable for Am2914PC. 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Insert Additional Screening here for Class B Parts 






















C2 Fluorocarbon 


See below for 
definitions of subgroups 





See below for 
definitions of subgroups 


Maximum accept number 





is 3 


ORDERING INFORMATION 


Operating Range 
(Note 2) 


——_ 





100% * 


100% 


LTPD=7 





LTPD=7 
LTPD=7 
LTPD=7 


Screening Level 
(Note 3) 








ZO 2222000 





MIL-STD-883, Class B. 
. 96 hour burn-in. 


Order Package Type 
Number (Note 1) 

AM2914PC P-40 

AM2914DC D-40 

AM2914DC-B D-40 

AM2914DM ‘D-40 

AM2914DM-B D-40 

AM2914FM F-42 

AM2914FM-B F-42 

AM2914XC Dice 

AM2914XM Dice 
Notes: 1. 

specified. 

2 
3 
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| 


C-1 
C-1 
B-2 (Note 4) 
C-3 
B-3 
C-3 
B-3 
Visual inspection 
to MiL-STD-883 
Method 2010B. 





P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed 
outline. Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise 


. O= O°C to +70°C, Voc = 4.75V to 5.25V, M = — 55°C to +125°C, Vcc = 4.50V to 5.50V. 
. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to 


Am2914 







































Am2914 


MAXIMUM RATINGS (Above which the useful life may be impaired) 









































Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias = - —55°C to +125°C 
Supply Voltage to Ground Potential —0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State +0.5V to +Vcc max. 
DC Input Voltage —0.5V to 5.5V 
DC Output Current, Into Outputs - 30mA 
DC tnput Current —30mA to +5.0mA 
poe ae ES pa MAO TOMA 


OPERATING RANGE 
P/N Temperature Vec 


Am2914PC, DC O°C to +70°C 4.75V to 5.25V 
—55°C to +125°C 4.50V to 5.50V 


Am2914DM, FM 
ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 
(Group A, Subgroups 1, 2, and 3) 













Am2914XC Ta =0°C to +70°C Voc = 5.0V + 5% (COM'L) MIN. = 4.75V MAX. = 5.25V 
Am2914XM To = 55°C to +125°C Vec = 5.0V + 10% (MIL) MIN. = 4.50V MAX. = 5.50V 

Typ. ; 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 






Voc = MIN., 


VOH Output HIGH Voltage 
VIN = Vin or Vit 





MI =—1,.0mA ; 
L,1OH 1.0m 2.4 Volts 
COM'L, lo = —2.6mA 2.4 


Voc = MIN., Vo = 5.5V Paes 250 LA 





Output Leakage Current 


ICEX for IR Output 








Voc = MIN., 


Output LOW Voltage 
VIN = Vin or Vib 












Guaranteed input logical HIGH voltage 





















































































































VoL 
Vin Input HIGH Level : 2.0 Volts 
: for all inputs 
Guaranteed input logical LOW voltage 
Vit Input LOW Level Pee Cae woe peer 0.8 Volts 
for all inputs 
Input Clamp Voltage Voc = MIN., lin, = —18MA 
We Input LOW Current 04 | mA 
~2.0 
All Others —0.8 
Mo~—7 150 
een Saeco ieee. 
20 
ty Input HIGH Current 1.0 mA 
: —150 | 
lo Off-State Output Current uA 
150 
100 
50 
170 zi ot 
305 
I Power Supply Current 0 A 
be ~ eo, Vec = MAX. : = 
MIL = 
125°C 200 
Output Short Circuit Current 2 
Isc (Note 3) Vcc = MAX. ~30 —85 mA 








Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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SWITCHING CHARACTERISTICS AT 25°C AND 5.0 VOLTS 


Note: Guaranteed limits at 25°C and 5.0V are group A, subgroup 9 tests 
All outputs fully loaded. CL = 50pF. Measurements made at 1.5V with 
input levels of OV and 3.0V. All numbers are in ns. 

For interrupt request output, Ry = 470 


TABLE I. CLOCK AND INTERRUPT INPUT PULSE WIDTHS (ns) 


GUARANTEED 


TABLE II. COMBINATIONAL PROPAGATION DELAYS (ns) 









Minimum Clock LOW Time 
Minimum Clock HIGH Time 


Minimum Interrupt Input (P9-P7) LOW 
Time for Guaranteed Acceptance (Pulse Mode) 



















Maximum Interrupt Input (Pg-P7) LOW 
Time for Guaranteed Rejection (Pulse Mode) 





TYPICAL GUARANTEED 


i ; Group 
al pple Advance a pple Advance 
Disable Disable 

Send 





ere 


Irpt. Disable 











TABLE Il. DELAYS FROM CLOCK TO OUTPUTS (ns) 








TYPICAL GUARANTEED 


Clock Path To 


To To TS Te 


To 
To To To To | To 
Irpt —. | Status | =~ Irpt —— | —— | Status 
Vo12 Req PD GAS GS | Vo12 Req 


To 

RD 
Irpt Latches and Register 55 65 | 37 | 39 | 47 - - 67 82 | 57 | 57 
reper - } = 7 aa 
Mask Register 55 65 37 39 47 _ piste 67 82 57 57 

31 

25 











Status Register 45 | 55 | 28 37 - = 59 [ 74 | 67 | 57 | 58 
cE = =e =| 42 | 45 


Lowest Group Enabled Flip-Flop a - 22 
i 
it | 28 | 


























Irpt Request Enable Flip-Flop _ [ 40 
Status Overfiow Flip-Flop a - - 


























TABLE IV. SET-UP AND HOLD TIME REQUIREMENTS (ns) 
(All relative to clock LOW-to-HIGH transition) 


GUARANTEED 


Set-up Time Hold Time 


From Input 











Latch Bypass 
iE 
19123 (See Note) 











trpt Disable 








Po-P7 Hold Time 
Relative to LB 





Note: tow is the Clock LOW Time. Both Set-up times must be met. 
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SWITCHING CHARACTERISTICS OVER OPERATING VOLTAGE AND TEMPERATURE RANGE 


(Group A, subgroup 10 and 11 tests and limits) 


All outputs fully loaded, C_ = 50pF. Measurements made at 1.5V with input 
levels of OV and 3.0V. For Interrupt Request Output, RL = 4702. 


TABLE V. CLOCK AND INTERRUPT INPUT PULSE WIDTHS (ns) 


Am2914PC, DC, XC Am2914DM, FM, XM 
Ta = 0°C to +70°C, 5V + 5% Tc = —55°C to +125°C, 5V + 10% 
‘0 30 


Minimum Clock LOW Time 3 

Minimum Clock HIGH Time 30 30 
Minimum Interrupt Input (Po-P7) 

LOW Time for Guaranteed 40 40 
Acceptance (Pulse Mode) 

Maximum Interrupt Input (Pg-P7) 

LOW Time for Guaranteed 8 8 
Rejection (Pulse Mode) 

Minimum Clock Period, IE = H on 50 

current cycle and previous cycle 

Minimum Clock Period, [E = Lon 100 

current cycle or previous cycle 


TABLE VI. MAXIMUM COMBINATIONAL PROPAGATION DELAYS (ns) 


Am2914PC, DC, XC Am2914DM, FM, XM 
Ta = 0°C to +70°C, 5V + 5% Tc = —55°C to +125°C, 5V + 10% 


Irpt 
Vo12 Req 
From Input 
iE 60 65 
lo123 60 65 

Eee: 

















































































Group 
Advance 






Group 
Advance 










Ripple 
Disable 


Ripple 
Disable 












Irpt. Disable 














Am2914DM, FM, XM 
Tc = —55°C to +125°C, 5V + 10% 





Clock Path To 


Status 











Irpt Latches and Register 





Mask Register 








i Status Register 











P Lowest Group Enabled Flip-Flop 








Irpt Request Enable Flip-Flop 


Status Overflow Flip-Flop a i : = = pat 
i i aaah tect 
TABLE VIII. SET-UP AND HOLD TIME REQUIREMENTS (ns) 
(All relative to clock LOW-to-H1IGH transition) 


Am2914PC, DC, XC Am2914DM, FM, XM 
From Input Ta = 0°C to +70°C, 5V + 5% Tc = —55°C to +125°C, 5V + 10% 


Hold Time Set-Up Time Hold Time 
1 ae eee 






























10 









15 
















Latch Bypass 
TE 
19123 (See Note) 






























Irpt.Disable 





Po-P7 Hold Time 
Relative to LB 







Note: tow is the Clock LOW Time. Both Set-up times must be met. 
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GRP. STAT 
DISABLE SIG. O'FLOW V2 


Am2914 
LATCH Mg 
BYPASS 










INST. Mg 
ENABLE 





P3 


Ll. 
— Py Am9316 Q, 
















tRPT. 
REQ. 


GRP. 
ENABLE 


ee RIP PAR. GAR 
Vee 


DISABLE DISABLE 











CLOCK 


(100kHz MIN.) O.1pf 
Vee — ie 
= Voc 


Am2914 Burn-in Circuit 
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INPUT 


Io-lz, CP, GE, GAR = 10K 
LB 20K 
IE 6.7K 
iD 4K = 1 L 


Yeo 


oureu OUTPUT OUTPUTS 
Vo-V3 50 in MoM; 
ee i So°S3 
Gs RD 
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A MICROPROGRAMMABLE, BIPOLAR, 
LSI INTERRUPT STRUCTURE USING THE Am2914 
nlite lint cdc re lane al lan 


INTRODUCTION 


Advanced Micro Devices’ introduction of the Am2914 Vec- 
tored Priority Interrupt Controller now makes possible the 
structuring of a microprogrammable bipolar LSI interrupt 
system. The design engineer may use the Am2914 to simplify 
his design process, dramatically reduce the system cost, size 
and package count, and increase the speed, capability and 
reliability of his interrupt system. 


The Am2914 is a modular, low cost, standard LSI component 
that may be microprogrammed to meet the requirements of 
specific applications. Today's engineer may utilize the Am2914 
microprogrammability to provide functional flexibility and 
ease of engineering change, while taking advantage of its 
modularity to provide hardware regularity and future expan- 
sion capability. 


THE INTERRUPT CONCEPT 


In any state machine, a requirement exists for the efficient 
synchronization. and response to asynchronous events such as 
power failure, machine malfunctions, control panel service 
requests, external timer signals, supervisory calls, program 
errors, and input/output device service requests. The merit of 
such an ‘‘asynchronous event handler’ may be measured in 
terms of response time, system throughput, real time overhead, 
hardware cost and memory space required. 


The simplest approach to asynchronous event handling is the 
poll approach. A status indicator is associated with each 
possible asynchronous event. The processor tests each indicator 
in sequence and, in effect, ‘‘asks’’ if service is required. This 
program-driven method is inefficient for a number of reasons. 
Much time is consumed polling when no service is required; 
programs must have frequent test points to poll indicators, 
and since indicators are polled in sequence, considerable time 
may elapse before the processor responds to an event. Thus, 
system throughput is low; real time overhead and response 
time are high, and a large memory space is required. 


The interrupt method is a much more efficient way of 
servicing asynchronous requests. An asynchronous event re- 
quiring service generates an interrupt request signal to the 
processor. When the processor receives the interrupt request, 
it may suspend the program it is currently executing, execute 
an interrupt service routine which services the asynchronous 
request, then resume the execution of the suspended program. 
In this system, the execution of the service routine is 
initiated by an interrupt request; thus, the system is interrupt 
driven and service routines are executed only when service is 
requested. Although hardware cost may be higher in this type 
of system, it is more efficient since system throughput is 
higher, response time is faster, real time overhead is lower and 
less memory space is required. 


INTERRUPT SYSTEM FUNCTIONAL DEFINITION 


A complete and clear functional definition is key to the design 
of a good interrupt system. The following features are useful. 


Multiple Interrupt Request Handling: Since interrupt requests 
are generated from a number of different sources, the interrupt 
system's ability to handle interrupt requests from several 
sources is important. 


Interrupt Request Prioritization: Since the processor can 
service only one interrupt request at a time, it is important 
that the interrupt system has the ability to prioritize the 
requests and determine which has the highest priority. 


Interrupt Service Routine “Nesting”: This feature allows an 
interrupt service routine for a given priority request to be 
interrupted in turn, but only by a higher priority interrupt 
request. The service routine for the higher priority request is 
executed, then the execution of the interrupted service routine 
is resumed. If there are ‘‘n’’ interrupt requests, an ‘‘n” deep 


“nest” is possible. 


Dynamic Interrupt Enabling/Disabling: The ability to enable/ 
disable all interrupts ‘‘on the fly’ under microprogram control 
can be used to prevent interruption of certain processes. 


Dynamic Interrupt Request Masking: The ability to selectively 
inhibit or “‘mask’’ individual interrupt requests under micro- 
program control is useful. 


Interrupt Request Vectoring: Many times, a particular inter- 
rupt request requires the execution of a unique interrupt 
service routine. For this reason, the generation of a unique 
binary coded vector for each interrupt request is very helpful. 
This vector can be used as a pointer to the start of a unique 
service routine. 


Interrupt Request Priority Threshold: The ability to establish 
a priority threshold is valuable. In this type of operation, 
only those interrupt requests which have higher priority than a 
specified threshold priority are accepted. The threshold priority 
can be defined by microprogram or can be automatically 
established by hardware at the interrupt currently being 
serviced plus one. This automatic threshold prevents multiple 
interrupts from the same source. Also useful is the ability to 
read the threshold priority under microprogram control. Thus, 
the interrupt request being serviced may be determined by 
the microprogram. 


Interrupt Request Clearing Flexibility: Flexibility in the 
method of clearing interrupt requests allows different modes 
of interrupt system operation. Of particular value are the 
abilities to clear the interrupt currently being serviced, clear 
all interrupts, or clear interrupts via a programmable mask 
register or bus. 


Microprogrammability: Microprogrammability permits the 
construction of a general purpose or “universal’’ interrupt 
structure which can be microprogrammed to meet a specific 
application’s requirements. The universality of the structure 
allows standardization of the hardware and amortization of 
the hardware development costs across a much broader user 
base. The end result is a flexible, low cost interrupt structure. 
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Hardware Modularity: Modular interrupt system hardware is 
beneficial in two ways. First, hardware modularity provides 
expansion capability. Additional modules may be added as 
the need to service additional requests arises. Secondly, hard- 
ware modularity provides a structural fegularity which simpli- 
fies the system structure and also reduces the number of 
hardware part numbers. 


Fast Interrupt System Response Time: Quick interrupt system 
response provides more efficient system operation. Fast 
response reduces real time overhead and increases overall 
system throughput. 


INTERRUPT SYSTEM IMPLEMENTATION 
USING THE Am2914 


The Am2914 provides all of the foregoing features on a single 
LS! chip. The Am2914 is a high-speed, eight-bit priority 
interrupt unit that is cascadable to handle any number of 
priority interrupt request levels. The Am2914’s high speed is 
ideal for use in Am2900 Family microcomputer designs, but 
it can also be used with the Am9080A MOS microprocessor. 


The Am2914 receives interrupt requests on eight Interrupt 
Input fines (Pg-P7). A LOW level is a request. An internal 
latch may be used to catch pulses (HIGH-LOW-HIGH) on 
these lines, or the latch may be bypassed so that the request 
lines drive the D-inputs to the edge-triggered Interrupt Register 
directly. An eight-bit Mask Register is used to mask individual 
interrupts. Considerable flexibility is provided for controlling 
the Mask Register. Requests in the Interrupt Register (Pg-P7) 
are ANDed with the corresponding bits in the mask register 
(Mg-M7) and the results are sent to an eight-input priority 
encoder, which produces a three-bit encoded vector represent- 
ing the highest priority input which is not masked. 


An internal Status Register is used to point to the lowest 
priority at which an interrupt will be accepted. The contents 


of the Status Register are compared with the output of the 
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Figure 1. Am2914 Logic Symbol. 


Am2914 


priority encoder, and an Interrupt Request output will occur 
if the. vector is greater than or equal to the contents of the 
Status Register. Whenever a vector is read from the Am2914, 
the Status Register is automatically updated to point to one 
level higher than the vector read. (The Status Register can be 
loaded externally or read: out at any time using the S-Bus.) 
Signals are provided for moving the status upward across 
devices (Group Advance Send and Group Advance Receive) 
and for inhibiting lower priorities from higher order devices 
(Ripple Disable, Parallel Disable, and Interrupt Disable). A 
Status Overflow output indicates that an interrupt has been 
read at the highest priority. 


The Am2914 is controlled by a four-bit microinstruction field 
Ig-l3. The microinstruction is executed if {E (Instruction 
Enable) is LOW and is ignored if IE is HIGH, allowing the 
four | bits. to be shared with other functions. Sixteen different 
microinstructions are executed. Figure 2 shows the micro- 
instructions and the microinstruction codes. 


MICROINSTRUCTION nee eee te 
DESCRIPTION 
: Iglol4 lo 
MASTER CLEAR 0000 


CLEAR ALL INTERRUPTS 0001 
CLEAR INTERRUPTS FROM M-BUS 0010 


CLEAR INTERRUPTS FROM MASK 0011 
REGISTER 


CLEAR INTERRUPT, LAST 


VECTOR READ 9100 
READ VECTOR 0101 
READ STATUS REGISTER 0110 
READ MASK REGISTER 0111 
SET MASK REGISTER 1000 
LOAD STATUS REGISTER 1001 
BIT CLEAR MASK REGISTER 1010 
BIT SET MASK REGISTER 1011 
CLEAR MASK REGISTER 1100 
DISABLE INTERRUPT REQUEST 1101 
LOAD MASK REGISTER 1110 
ENABLE INTERRUPT REQUEST 111 


Figure 2. Am2914 Microinstruction Set. 


In this microinstruction set, the Master Clear microinstruction 
is selected as binary zero so that during a power up sequence, 
the microinstruction register in the microprogram control unit 
of the central processor can be cleared to all zeros. Thus, on 
the next clock cycle, the Am2914 will execute the Master 
Clear function. This includes clearing the Interrupt Latches 
and Register as wel! as the Mask Register and Status Register. 
The LGE flip-flop of the least significant group is set LOW 
because the Group Advance Receive input is tied LOW. All 
other Group Advance Receive inputs are tied to Group Advance 
Send outputs and these are forced HIGH during this instruc- 
tion. This clear instruction also sets the Interrupt Request 
Enable flip-flop so that a fully interrupt driven system can be 
easily initiated from any interrupt. 
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The Clear All Interrupts microinstruction clears the Interrupt 
Latches and Register. 


The Clear Interrupts from Mask Register microinstruction 
clears those Interrupt Latches and Register bits which have 
corresponding Mask Register bits set equal to one. The M-Bus 
is used by the Am2914 during the execution of this micro- 
instruction and must be floating. 


The Clear Interrupts from M-Bus microinstruction clears those 
Interrupt Latches and Register bits which have corresponding 
M-Bus bits set equal to one. 


The Clear Interrupt, Last Vector Read microinstruction clears 
the Interrupt Latch and Register bit associated with the last 
vector read. 


The Read Vector microinstruction is used to read the vector 
value of the highest priority request causing the interrupt. 
The vector outputs are three-state drivers that are enabled onto 
the VgV4V2 bus during this instruction. This microinstruction 
also automatically loads the value “vector plus one’’ into the 
Status Register. In addition, this instruction sets the Vector 
Clear Enable flip-flop and loads the current vector value into 
the Vector Hold Register so that this value can be used by the 
Clear Interrupt, Last Vector Read microinstruction. This 
allows the user to read the vector associated with the interrupt, 
and at some later time clear the Interrupt Latch and Register 
bit associated with the vector read. 


The Load Status Register microinstruction loads S-Bus data 
into the Status Register and also loads the LGE flip-flop from 
the Group Enable input. 


LATCH 
BYPASS 


Pi 
8 INTR 8 
INTERRUPT [> O 
INPUTS LATCHES 


During the Read Status Register microinstruction, the Status 
Register outputs are enabled onto the Status Bus (Sq-S9). 
The Status Bus is a three-bit, bi-directional, three-state bus. 


The Load Mask Register microinstruction loads data from the 
three-state, bi-directional M-Bus into the Mask Register. 


The Read Mask Register microinstruction enabies the Mask 
Register outputs onto the bi-directional, three-state M-Bus. 


The Set Mask Register microinstruction sets all the bits in the 
Mask Register to one. This results in all interrupts being 
inhibited. 


The entire Mask Register is cleared by the Clear Mask Register 
microinstruction. This enables all interrupts subject to the 
Interrupt Enable flip-flop and the Status Register. 


The Bit Clear Mask Register microinstruction may be used to 
selectively clear individual Mask Register bits. This micro- 
instruction clears those Mask Register bits which have cor- 
responding M-Bus bits equal to one. Mask Register bits with 
corresponding M-Bus bits equal to zero are not affected. 


The Bit Set Mask Register microinstruction sets those Mask 
Register bits which have corresponding M-Bus bits equal to 
one. Other Mask Register bits are not affected. 


All Interrupt Requests may be disabled by execution of the 
Disable Interrupt Request microinstruction. This microinstruc- 
tion resets an Interrupt Request Enable flip-fiop on the chip. 


The Enable Interrupt Request microinstruction sets the Inter- 
rupt Enable flip-flop. Thus, Interrupt Requests are enabled 
subject to the contents of the Mask and Status Registers. 


VECTOR 
CLEAR ENABLE 
FLIP-FLOP 


3-BIT 
VECTOR HOLD 
REGISTER 


MASK REGISTER 


B8-INPUT 
PRIORITY 
ENCODER 


VA 


<4» VECTOR 


OUTPUT 


INTERRUPT 
INTR REQUEST REQUEST 
AND 
GROUP ENABLE 


LOGIC PARALLEL 


DISABLE 


RIPPLE 
DISABLE 
GROUP 
ADVANCE 
SEND 


INSTRUCTION 
ENABLE L> 


yj INTERRUPT 
i MICRO DISABLE 
INSTRUCTION INSTRUCTION 


INPUTS DECODE 


STATUS 
OJ OVERFLOW [O 
FLIP-FLOP 


STATUS 
OVERFLOW 


GROUP 


ENABLE LOWEST GROUP GS 


ENABLED GROUP 
FLIP-FLOP SIGNAL 
O 


Si b 3-BIT i 
STATUS K3> : STATUS 


REGISTER 


cP > > ‘ 
CLOCK BUS 





GROUP ADVANCE 
PIN SYMBOLS RECEIVE 
OPEN COLLECTOR 
OUTPUT 


[>— input Pin 

——{_. output PIN 

Ej BIDIRECTIONAL 
0 


THREE-STATE 
OUTPUT 


MPR-130 





Figure 3. Am2914 Block Diagram. 
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Am2914 BLOCK DIAGRAM DESCRIPTION 


The Am2914 block diagram is shown in Figure 3. The Micro- 
instruction Decode circuitry decodes the Interrupt Micro- 
instructions and generates required control signals for the chip. 


The Interrupt Register holds the Interrupt Inputs and is an 
eight-bit, edge-triggered register which is set on the rising edge 
of the CP Clock signal if the Interrupt Input is LOW. 


The Interrupt latches are set/reset latches. When the Latch 
Bypass signal is LOW, the latches are enabled and act as 
negative pulse catchers on the inputs to the Interrupt Register. 
When the Latch Bypass signal is HIGH, the Interrupt latches 
are transparent. 


The Mask Register holds the eight mask bits associated with 
the eight interrupt levels. The register may be loaded from or 
read to the M-Bus. Also, the entire register or individual mask 
bits may be set or cleared. 


The Interrupt Detect circuitry detects the presence of any 
unmasked Interrupt Input. The eight-input Priority Encoder 
determines the highest priority, non-masked Interrupt Input 
and forms a binary coded interrupt vector. Following a Vector 
Read, the three-bit Vector Hold Register holds the binary 
coded interrupt vector. This stored vector can be used Jater for 
clearing interrupts. 


The three-bit Status Register holds the status bits and may be 
loaded from or read to the S-Bus. During a Vector Read, the 
Incrementer increments the interrupt vector by one, and the 
result is clocked into the Status Register. Thus, the Status 
Register points to a level one greater than the vector just read. 


The three-bit Comparator compares the Interrupt Vector with 
the contents of the Status Register and indicates if the Inter- 
rupt Vector is greater than or equal to the contents of the 
Status Register. 


The Lowest Group Enabled Flip-Flop is used when a number 
of Am2914's are cascaded. In a cascaded system, only one 
Lowest Group Enabled Flip-Flop is LOW at a time. It indicates 
the eight interrupt group, which contains the lowest priority 
interrupt level which will be accepted and is used to form the 
higher order status bits. 


The Interrupt Request and Group Enable logic contain various 
gating to generate the Interrupt Request, Parallel Disable, 
Ripple Disable, and Group Advance Send signals. 


The Status Overflow signal is used to disabie all interrupts. It 
indicates the highest priority interrupt vector has been read 
and the Status Register has overflowed. 


The Clear Control logic generates the eight individual clear 
signals for the bits in the Interrupt Latches and Register. The 
Vector Clear Enable Flip-Flop indicates if the last vector read 
was from this chip. When it is set it enables the Clear Control 
Logic. 

The CP clock signal is used to clock the Interrupt Register, 
Mask Register, Status Register, Vector Hold Register, and the 
Lowest Group Enabled, Vector Clear Enable and Status Over- 
flow Flip-Flops, all on the clock LOW-to-HIGH transition. 


The Am2914 can be microprogrammed in many different 
ways. Figure 4 shows an example interrupt sequence. The 
Read Vector microinstruction is necessary in order to read the 
interrupt priority level. Since vector plus one is automatically 
loaded into the Status Register when a Read Vector micro- 
instruction is executed, the Status Register possibly will 
overflow and disable all interrupts. For this reason, the Status 
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Figure 4. Example Interrupt Sequence. 


Register must be reloaded periodically. The other Am2914 
microinstructions are optional. 


CASCADING THE Am2914 


A number of input/output signals are provided for cascading 
the Am2914 Vectored Priority Interrupt Encoder. A defini- 
tion of these I/O signals and their required connections 
follows: 


Group Signal (GS) — This signal is the output of the Lowest 
Group Enabled flip-flop and during a Read Status micro- 
instruction is used to generate the high order bits of the Status 
word. , 


Group Enable (GE) — This signal is one of the inputs to the 
Lowest Group Enable flip-flop and is used to load the flip-flop 
during the Load Status microinstruction. 


2-169 


Am2914 


Group Advance Send (GAS) — During a Read Vector micro- 
instruction, this output signal is LOW when the highest 


priority vector (vector seven) of the group is being read. In a ° 


cascaded system Group Advance Send must be tied to the 
Group Advance Receive input of the next higher group in 
order to transfer status information. 


Group Advance Receive (GAR) — During a Master Clear or 
Read Vector microinstruction, this input signal is used with 
other internal signals to load the Lowest Group Enabled flip- 
flop. The Group Advance Receive input of the lowest 
priority group must be tied to ground. 


Status Overflow (SV) — This output signal becomes LOW 
after the highest priority vector (vector seven) of the group 
has been read and indicates the Status Register has overflowed. 
It stays LOW until a Master Clear or Load Status microinstruc- 
tion is executed. The Status Overflow output of the highest 
priority group should be connected to the Interrupt Disable 
input of the same group and serves to disable all interrupts 
until new status is loaded or the system is master cleared. The 
Status Overflow outputs of lower priority groups should be 
left open (see Figure 7). 


Interrupt Disable (ID) — When LOW, this input signal inhibits 
the Interrupt Request output from the chip and also generates 
a Ripple Disable output. 


Ripple Disable (RD) — This output signal is used only in the 
Ripple Cascade Mode (see below). The Ripple Disable output 
is LOW when the Interrupt Disable input is LOW, the Lowest 
Group Enabled flip-flop is LOW, or an Interrupt Request is 
generated in the group. In the ripple cascade mode, the 
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Figure 5. Cascade Lines Connection for Single Chip System. 
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Figure 7. Interrupt Disable Connections for Parallel Cascade Mode. 
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Ripple Disable output is tied to the Interrupt Disable input of 
the next lower priority group (see Figure 6). 


Parallel Disable (PD) — This output is used only in the parallel 
cascade mode (see below). It is HIGH when the Lowest Group 
Enabled flip-flop is LOW or an Interrupt Request is generated 
in the group. It is not affected by the Interrupt Disable input. 


A single Am2914 chip may be used to prioritize and encode 
up to eight interrupt inputs. Figure 5 shows how the above 
cascade lines should be connected in such a single chip system. 


The Group Advance Receive and Group Enable inputs should 
be connected to ground so that the Lowest Group Enabled 
flip-flop is forced LOW during a Master Clear or Load Status 
microinstruction. Status Overflow should be connected to 
Interrupt Disable in order to disable interrupts when vector 
seven is read. The Group Advance Send, Ripple Disable, 
Group Signal and Parallel Disable pins should be left open. 


The Am2914 may be cascaded in either a Ripple Cascade 
Mode or a Parallel Cascade Mode. In the Ripple Cascade Mode, 
the Interrupt Disable signal, which disables lower priority 
interrupts, is allowed to ripple through lower priority groups. 
Figures 6, 9 and 11 show the cascade connections required 
for a ripple cascade 64 input interrupt system. 


Ch+x = Gg + PoC, 

Cnty = Gy + P1Gq + Py PoCy 

Co+z = Go + P5G, + PoPy Go + PoP 4 PoCy 

G = G3 + P3G9 + P3P5G, + P3PoP4 Go 
= P3P2P1P9 


In the parallel cascade mode, a parallel lookahead. scheme is 
employed using the high-speed Am2902 Lookahead Carry 
Generator. Figures 7, 9 and 10 show the cascade connections 
required for a paratlel cascade 64-input interrupt system. For 
this application, the Am2902 is used as a lookahead interrupt 
disable generator. A Parallel Disable output from any group 
results in the disabling of all lower priority groups in parallel. 
Figure 8 shows the Am2902 logic diagram and equations. 


In Figures 9 and 10, the Am2913 Priority Interrupt Expander | 
is shown forming the high order bits of the vector and status, 
respectively. The Am2913 is an eight-line to three-line priority 
encoder with three-state outputs which are enabled by the 
five output control signals G1, G2, G3, G4, and GB. In Figure 
9, the Am2913 is connected so that its outputs are enabled 
during a Read Vector instruction, and in Figure 10 the 
Am2913 is connected so that its outputs are enabled during a 
Read Status instruction. The Am2913 logic diagram and 
truth table are shown in Figure 11. 


The Am25LS138 three-line to eight-line Decoder also is 
shown in Figure 10. It is used to decode the three high order 
status bits during a Load Status instruction. The Am25LS138 
logic diagram and truth table are shown in Figure 12. 
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Figure 8. Am2902 Carry Look-Ahead Generator Logic Diagram and Equations. 
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Figure 9. Vector Connections for both the Parallel and Ripple Cascade Modes. 
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Figure 10. Group Signal, Group Enable, Group Advance Send, Group Advance Receive and Status 
Connections for Both the Parallel and Ripple Cascade Modes. 
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Figure 12. Am25LS138 3 to 8 Line Decoder Logic Diagram and Truth Table. 
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EXAMPLE INTERRUPT SYSTEMS DESIGNS 
FOR AN Am2S800 SYSTEM 


A classical computer architecture is shown in Figure 13. The 
Computer Control Unit controls the internal busses and sub- 
systems of the processor, synchronizes internal and external 
events and grants or denies permission to external systems. 
The data bus is commonly used by all of the subsystems in 
the computer. Information, instructions, address operands, 
data and sometimes control signals are transmitted down the 
data bus under contro! of a microprogram. The microprogram 
selects the source of the data as well as the destination(s) of 
the data. The Address Bus is typically used to select a word in 
memory for an internal computer function or to select an 
input/output port for an external subsystem or peripheral 
function. The source of the data for the address bus, also 
selected by microprogram commands, may be the program 
counter, the memory address register, a direct memory address 
controller, an interface controller, etc. 


The arithmetic/logic unit (ALU) is that portion of the proc- 
essor that computes. Under control of the microprogram, the 
ALU performs a number of different arithmetic and logic 
functions on data in the working registers or from the data 
bus. The ALU also provides a set of condition codes as a 
result of the current arithmetic or logic operation. The condi- 
tion codes, along with other computer status information, are 
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stored in a register for later use by the programmer or 
computer control unit. 


The program counter and the memory address register are the 
two main sources of memory word and I/O address select data 
on the address bus. The program counter contains the address 
of the next instruction or instruction operand that is to be 
fetched from main memory, and the memory address register 
contains instruction address operands which are necessary to 
fetch the data required for the execution of the current 
instruction. 


A subroutine address stack is provided to allow the return 
address linkage to be handled easily when exiting a sub- 
routine. The address stack is a last-in, first-out stack that is 
controlled by a jump-to-subroutine, PUSH, or a return-from- 
subroutine, POP, instruction from the CCU microinstruction 
word. 


The next microprogram address control (NMAC) circuitry 
controls the generation of microinstruction addresses. Based 
on microprogram control, interrupt requests, test conditions 
and commands from a control panel or other processor, the 
NMAC determines the address of the next microinstruction 
to be executed. 


For a more detailed description of the above portions of the 
computer, refer to Advanced Micro Devices’ Application Note 
A Microprogrammed 16 Bit Computer by James R.W. Clymer. 
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Figure 13. Generalized Computer Architecture. 


2-176 


-Am2914 PRIORITY INTERRUPT ENCODER 
DETAILED LOGIC DESCRIPTION 





INTRODUCTION 


A clear understanding of the Am2914 Priority Interrupt 
controller’s operation facilitates its efficient use. With that 
idea in mind, a detailed logic description of the Am2914 is 
presented here. A detailed logic diagram and control signal 
truth table are shown, and significant aspects of the Am2914 
design are described verbally. 



































LATCH 
BYPASS 


Figure 1. Interrupt Latches and Register. 
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LOGIC DIAGRAM DESCRIPTION 


The Interrupt Latches and Register are shown in Figure 1. 
The Interrupt latches are set/reset-type latches. When the 
Latch Bypass signal is LOW, the latches are enabled and act as 
negative pulse catchers on the inputs to the Interrupt Register. 
When the Latch Bypass signal is HIGH, the Interrupt latches 
are transparent. The Interrupt Register holds the Interrupt 
Inputs and is an eight-bit, edge-triggered register. It is updated 
on the LOW-to-HIGH transition of the clock pulse (HIGH-to- 
LOW transition of the CP signal) as are all of the flip-flops on 
the chip. 


VECTOR CLEAR 
ENABLE 
FLIP-FLOP 


Figure 2. Vector Hold Register 


When a Read Vector instruction is executed, the binary coded 
vector is loaded into the. Vector Hold Register of Figure 2. 
This stored vector can be used later for clearing the interrupt 
associated with the last vector that was read. The Vector Clear 
Enable Flip-Flop of Figure 2 is set when a Read Vector instruc- 
tion is executed and the PASS ALL signal is HIGH. A HIGH 
PASS ALL signal level indicates that this group is enabled 
and that an interrupt request in this group was detected and 
passed priority. The Vector Hold Register and the Vector 
Clear Enable Flip-Flop are cleared when a Master Clear, Clear 
All Interrupts, or Clear Interrupt Last Vector Read is executed. 
Table 1 shows the generation of the ‘“‘N and R”’ control signals 
for each of these operations. 


Am2914 







INTERRUPT ___ 
DETECT 
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Figure 4. Interrupt Request Detect and Priority Decoder. 


The Interrupt Request Detect and Priority Encode circuitry 
are shown in Figure 4. The Interrupt Detect circuitry 
detects the presence of any unmasked Interrupt Input. The 


eight-input Priority Encoder determines the highest priority, 
non-masked Interrupt Input and forms a binary coded 
interrupt vector, Vg-V92. 





Figure 5. Clear Control. 


The Clear Control logic of Figure 5 generates the eight 
individual clear signals for the eight Interrupt Register bits. 
Under microinstruction control, all interrupts, interrupts 
with corresponding mask register bits set, interrupts with 
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corresponding mask bus bits equal to one, or the interrupt 
associated with the last vector read may be cleared. Table 1 
shows the generation of the “J” and ‘‘K”’ control signals 
for each of these operations. 


— PULSE o—Do— cP 


vA 
85 ——O} 59 
%;—0 % 


PASS : 
PRIORITY. 


Figure 6. Three-Bit comparator. 


The three-bit Comparator of Figure 6 compares the inter- 
rupt vector with the contents of the Status Register. A 
LOW signal level at the PASS PRIORITY output indicates 
that the interrupt vector is greater than or equal to the con- 
tents of the Status Register. 


LOWEST GROUP 
ENABLED 
FLIP-FLOP 


Figure 7. Group Enable Logic. 


The Lowest Group Enabled Flip-Flop, Figure.7, is used when 
a number of Am2914’s are cascaded. In a cascaded system, 
only one Lowest Group Enabled Flip-Flop is LOW at a time. 
It indicates the group which contains the !owest priority inter- 
rupt which will be accepted and is used to form the high order 
status bits. When a Load Status instruction is executed, the 
flip-flop is loaded from the GROUP ENABLE input. When a 








Am2914 


Master Clear instruction is executed, it is loaded from the 
GROUP ADVANCE RECEIVE input. The flip-flop is set 
HIGH when a Read Vector instruction is executed if a Group 
Advance is not received and no interrupt in this group is 
detected, if a Group Advance is sent from. this group, or if 
interrupts from this group are disabled. For all other instruc- 
tions, the flip-flop remains the same. Table 1 shows the 
generation of the “N”, “L” and “M’’ control signals for these 
operations. 


The Status Register holds the status bits and may be loaded 
from or read to the “S’’ bus as shown in Figure 8. Note that 
when a Load Status instruction is executed, status from the 
“S"' bus is loaded into the Status Register only if the GROUP 
ENABLE input is LOW; if the GROUP ENABLE input is 
HIGH, the Status Register is cleared. Also note that during 
a Read Status instruction, the Status Register outputs are 
enabled onto the ‘‘S” bus only if the Lowest Group Enabled 
Flip-Flop of this group is LOW. When a Read Vector instruc- 
tion is executed, the incrementer increases the vector by one 
and the result is loaded into the Status Register. Thus, the 
Status Register always points to the lowest level at which an 
interrupt will be accepted. Table 1 shows the generation of 
the “F”’, “G" and “OE-S” control signals for Status Register 
operations. 








The Interrupt Request Logic, shown in Figure 9, generates the 
RIPPLE DISABLE, PARALLEL DISABLE, INTERRUPT 
REQUEST, GROUP ADVANCE SEND, and STATUS OVER- 
FLOW output signals. The PARALLEL DISABLE signal is 
generated when the Lowest Group Enabled signal is LOW or 
an interrupt request in this group is detected and passes 
priority. The RIPPLE DISABLE signal is generated when the 
PARALLEL DISABLE signal is generated and also when the 
INTERRUPT DISABLE input signal is LOW. The INTERRUPT 
REQUEST output signal is generated when interrupt requests 
in this group are enabled and a request is detected and passes 
priority. The GROUP ADVANCE SEND output signal is 
generated when a vector of value seven is being read. The 
Status Overflow Flip-Flop is set LOW when a vector of value 
seven is read and indicates the Status Register has overflowed. 
The Interrupt Request Enable Flip-Flop is either set or reset 
by the Enable Request or Disable Request microinstructions 
respectively, and is used to enable or disable the INTERRUPT 
REQUEST output. Table 1 shows the generation of control 
signals “D", “E", “S" and “H”. 











Note that the vector outputs are enabled only when a Read 
Vector is being executed. Also note that when a Read Vector 
instruction is executed, the vector outputs will be disabled 
after the execution of the instruction since the Status Register 
is loaded with V+1, and the INTERRUPT REQUEST wil! no 
longer be generated. 


The Microinstruction Decode circuitry, Figure 10, decodes 
the Am2914 microinstructions and generates the required 
internal control signals. Table 1 shows the truth table for 
these functions and Figure 11 shows the function tables. 
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Table 1. Am2914 Control Signal Truth Table. 
0= LOW, 1 =HIGH 












Clear | Irpt Vector 









































































































eae’ . 2 Mask Status Group 

Microinstruction Function A : Con- | Request| Hold Other 

; _ Register Register Enable trol Enable | Register 
lel ig to 1 I Description A Bp cloemM| F G|oeEsS;/t mi|v kK|oD E]N RIS _H 
0 0 0 0 ie) O | Master Clear 0 Oo 1 0 (oe) 1 1 o;1 1 Oo 1 0 o|1 1 
1 0 0 0 0 1 Clear All Interrupts 1 Oo. 61 0 0 1 1 0 1 1 #1 1 x | 0 Oo ]1 0 
2 0 0 0 1 O | Clear Intr Via M Bus 1 Qo 1 0 0 1 1 0 1 1 #O 1 x | 0 1 1 ie) 
3 ce) 0 0 1 1 Clear Inte Via M Reg 1 Oo 1 1 8) 1 1 0 1 1 O};}1 X!0 ia 0 
. 4 (¢) 0 1 0 O | Clear Intr, Last Vector } 1 Oo 1 0 0 1 1 0 1 QO 1/0) 1 X10 011 0 
5 0 19) j 0 1 Read Vector 1 oO 1 ¢) 0/1 +O 1 0 0;/0 O|1 Xj]i oj;O 1 
6 0 (0) 1 1 0 Read Status Reg 1 Oo 87 0 0 1 0 0 1 0 O 1 x 10 1 1 0 
7 0 0 1 1 1 Read Mask Reg 1 Oo 1 1 (¢) 1 1 0 1/0 0]7;1 *]0 1 1 0 
8 0 1 0 0 0 | Set Mask Reg 0 .60O0UC«*éd 0 0 1 1 0 1/0 O;]1 xX ;}0O 141 1 0 
9 0 1 0 0 1 Load Status Reg 1 oO 1 0 1 1 1 1 1/0 Oj};1 X10 1 1 1 
10 0 j 0 1 O | Bit-Clear Mask Reg 0 1 #0 0 0 1 1 0 1 0 o|;4i1 xX/0 1 1 0 
11 0 1 0 1 1 Bit Set Mask Reg 1 1 1 0 0 1 1 0 1 0 o{1 xX/]0 1 1 0 
12 0 1 1 0 O | Clear Mask Reg o oO 1 0 0 1 1 0 11/0 Oj; 1 e- Oo 1 1 i¢) 
13 0 1 1 0 1 Disable Request 1 oO 1 0 0 1 1 0 11/0 0/0 O0];0 1 1 0 
14 0 1 1 1 O | Load Mask Reg Oo 1 1 0 ie) 1 1 0 1/0 Oj};141 xXjQ 1 1 0 
15 0 1 1 1 1 Enable Request 1° #O 1 0 ie) 1 1 0 1 0 Oo}; 0 1 | Oo 1 1 0 
io. Me | X XX __X | Instruction Disable cr: oe, | AE ae O 41:6 0 | 4s 6 = pao 





Notes: 4. Control line “F’ during “READ VECTOR” instruction is 0 when “PASS ALL” is LOW and 1 when “PASS ALL” is HIGH. 
2. Control line “K” during ‘Clear Intr, Last Vector” instruction is O when ‘“’Vector Clear Enable” is LOW and 1 when ‘‘Vector Clear Enabie’’ 
is HIGH. 
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Figure 8. !ncrementer and Status Register. 
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D 
GROUP 
ADVANCE 
SEND r O}cp oa 
cP 
H 
STATUS OVERFLOW 
VECTOR OUTPUT 
MPR-157 
Figure 9. Interrupt Request Logic. 
MASK REGISTER STATUS REGISTER 
A a[s|c| FUNCTION F FUNCTION _ 
o]ojo| ser olo}cLear 
8 o}o}1|cLearR o|1|HoLD 
p 0|1]0]BITCLEAR 1]0|LOAD VECTOR #1 
0}1}1] Load 111 | LOAD via “s" BUS 
D 1]0/1]HoLD 
114111BIT SET INTERRUPT REQUEST 
7 ENABLE FLIP-FLOP 
INSTRUCTION F CLEAR CONTROL — — 
ENABEE SRUNETIONI: 26 
G bail hi3 FUNCTION 0 | DISABLE IRPTS 
7 o|0/ NO CLEAR ENABLE IRPTS 
MICROINSTRUCTION 0|1| CLEAR IRPT, VECTOR x1 HOLD 
eneuiray J 1]0/CLEAR IRPTS VIAM 
(SEE TABLE 1) K 1141} CLEAR ALL tRPTS VECTOR CLEAR 
ENABLE FLIP-FLOP 
L VECTOR HOLD REGISTER i as 
ee N[R[ FUNCTION ——__ 
mM N| FUNCTION 6101 cLEAR 
‘ 0 | HOLD 0|7] HOLD 
1} LOAD 11o}Loap 
R 
PAGS ALL: 5 LOWEST GROUP STATUS OVERFLOW 
ENABLED FLIP-FLOP FLIP-FLOP 
VECTOR CLEAR Lm FUNCTION H[FUNCTION, 
ENABLE 0] 0] UPDATE 0 | HOLD 
0|1]|HOLD 1/LoaD 
1 | 0] LOAD VIA GROUP ADVANCE RECEIVE 
111 | LOAD VIA GROUP ENABLE 
Figure 10. : Figure 11. Control Function Tables. 
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Figure 3. Mask Register. 


The Mask Register shown in Figure 3 holds the eight mask bus, or loaded or read to the “M’’ bus. Table 1 shows the 
bits associated with the eight interrupt levels. The register generation of the “A”, “B”, “C” and “OE-M’’ control 
may be set or cleared, bit set or bit cleared from the ““M” signals for each of these operations. 
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Am2915A 


Quad Three-State Bus Transceiver With Interface Logic 


Distinctive Characteristics 
















Quad high-speed LSI bus-transceiver 
Three-state bus driver 

Two-port input to D-type register on driver 

Bus driver output can sink 48mA at 0.5V max. 
Receiver has output latch for pipeline operation 


FUNCTIONAL DESCRIPTION 


The Am2915A is a high-performance, low-power Schottky bus 
transceiver intended for bipolar or MOS microprocessor system 
applications. The device consists of four D-type edge-triggered 
flip-flops with a built-in two-input multiplexer on each. The 
flip-flop outputs are connected to four three-state bus drivers. 
Each bus driver is internally connected to the input of a 
receiver. The four receiver outputs drive four D-type latches 
that feature three-state outputs. 


This LSI bus transceiver is fabricated using advanced low- 
power Schottky processing. All inputs (except the BUS inputs) 
are one LS unit load. The three-state bus output can sink up 
to 48mA at 0.5V maximum. The bus enable input (BE) is 
used to force the driver outputs to the high-impedance state. 
When BE is HIGH, the driver is disabled. The Voy and Vo, of 
the bus driver are selected for compatibility with standard and 
Low-Power Schottky inputs. 


The input register consists of four D-type flip-flops with a 
buffered common clock and a two-input multiplexer at the 
input of each flip-flop. A common select input (S) controls the 
four multiplexers. When S is LOW, the Aj data is stored in the 
register and when Sis HIGH, the Bj data is stored. The buffered 
common clock (DRCP) enters the data into this driver register 
on the LOW-to-HIGH transition. , 


Data from the A or B inputs is inverted at the BUS output. 
Likewise, data at the BUS input is inverted at the receiver out- 
put. Thus, data is non-inverted from driver input to receiver 
output. The four receivers each feature a built-in D-type latch 
that is controlled from_the buffered receiver latch enable 
(RLE) input. When the RLE input ‘is LOW, the latch is open 
and the receiver outputs will follow the bus inputs (BUS data 


inverted and OE LOW). When the RLE input is HIGH, the . 


latch will close and retain the present data regardless of the 
bus input. The four latches have three-state outputs and are 
controlled by a buffered common three-state control (OE) 
input. When OE is HIGH, the receiver outputs are in the high- 
impedance state. 





@ Three-state receiver outputs sink 12mA 

@ Advanced low-power Schottky processing 

© 100% reliability assurance testing in compliance with 
MIL-STD-883 

@ 3.5V minimum output high voltage for direct inter- 
face to MOS microprocessors 


LOGIC SYMBOL 
























Ag Bo Ay By Ag Bg 










Am2915A 



























BUSg BUS, 





BUS, 



























Vcc = Pin 24 
GND, =Pin6 
GND» = Pin 18 



























CONNECTION DIAGRAM 
Top View 














Am2915A4 





Note: Pin 1 is marked for orientation. 






2-183 


Am2915A 











LOGIC DIAGRAM 





BUS, BUS, BUS) BUS, oto > 
O O O O 
A900 
© Ro 
Bg O— 
ALO 
OR, 
810 
A2 O- 
OR 
By O 
A330 
O R3 
B30 





SELECT sO mo 


DRIVER 
CLOCK DRCP O- >o 
RECEIVER 


BUS snk, 
ENABLE  8E —d>—_____—_—_— o-———O RLE CATCH 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature —65°C to +150°C 
































Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential —0.5V to +7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Voc max. 
DC Input Voltage ewe —0.5V to +7V 
DC Output Current, | nto Outputs (Except Bus) t—<“‘i‘s~s~s~™S™S 4 30mMA 
DC Output Current, Into Bus ; 100mA 
DC Input Current 7 : a2 —30mA to +5.0mMA 








ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 


Am2915AXC (COM'L) Ta =O°Cto+70°C VecMIN.=4.75V  VocMAX. = 5.25V 

Am2915AXM (MIL) Ta =—85°C to +125°C = VoCMIN.=4.50V  VccMAX. = 5.50V 

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

Parameters Description Test Conditions (Note 1) Min. Typ. Max. Units 





Bus Output LOW Voltage 











Bus Output H!GH Voltage 





Vo =0.4V 


Bus Leakage C t Vv = MAX. 
age Curren cc Vo=24V 


(High Impedance) Bus enable = 2.4V 








Bus Leakage Current Vo =4.5V 
(Power OFF) Vec =0V 








Receiver Input HIGH Threshold Bus enable = 2.4V 





Receiver input LOW Threshold Bus enable = 2.4V 
MIL 








Voc = MAX. 


Bus Output Short Circuit Current Vo = 0V 
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Am2915A 
ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 


Am2915AXC (COM'L) Ta, =0°C to +70°C VecMIN. =4.75V VecMAX. = 5.25V ; 
Am2915AXM (MIL) Ta =—55°C to +125°C = Veg MIN. =4.50V. VeqcMAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE Typ. 

Parameters Description . Test Conditions (Note 1) Min. (Note 2) Max. Units 








w 
iB 


MIL: loy = —1.0mA 2.4 
COM'L: Igy = —2.6mA 2.4 3.4 
Voc = 5.0V, 1QH = —100uA 


Vec = MIN. 
Vin = Vit or Vir 














Receiver 
Output HIGH Voltage 





















: y wre lo, =4.0mA 0.27 
Output LOW Voltage cc : iol =8.0mA 0.32 = 
(Except Bus) Vin = Vir or Vin mata 
lo” = 12mA 0.37 

















Input HIGH Level 
(Except Bus) 


Guaranteed input logical HIGH 
for all inputs 








Guaranteed input logical LOW | MIL 
for all inputs COM’L 


Voc = MIN., I} = —18mMA 


{Input LOW Level 
(Except Bus) 


















BE, RLE 


Vcc = MAX., Vin = 0.4V 
All other inputs 














Vcc = MAX., Vin =2.7V 
Vcc = MAX., Vin = 7.0V 











Output Short Circuit Current 


V = MAX. 
(Except Bus) Se 






it GT | : EE 
























































































































































Icc 63 
\ Off-State Output Current Vo =2.4V 
0 (Receiver Outputs) Vo =0.4V 
SWITCHING CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
Am2915AXM Am2915AXC 
Typ. Typ. 
Parameters Description Test Conditions Min. (Note2) Max. Min. (Note2) Max. | Units 
21 36 21 32 
Driver Clock (DRCP) to Bus ene ns 
tPLH | Ci (BUS) = 50pF 21 36 21 32 
=a 
ZH. tZL ae Ry (BUS) = 1302 13 26 13 a 
aie Liaieald Bus Enable (BE) to Bus ns 
tHZtLZ | 13 21 13 18 
ts 15 12 
— Data Inputs (A or B) ~ ns 
th 8.0 6.0 
ts 28 25 
Select Input (S) ns 
th 7 8.0 6.0 
tpw Driver Clock (DRCP) Pulse Width 20 17 oe 
(HIGH) 
tPLH Bus to Receiver Output 18 33 _18 30 ae 
(Latch Enable) 18 30 18 27 
21 33 “24 30 
Latch Enable to Receiver Output ~ : =e ns 
21 30 21 27 
eet 15 13 
Bus to Latch Enable (RLE) | | | ns 
: so | | 20 
: 2 eet 14 26 14 23 
utput Control to Receiver Output - ns 
. is CL =SpF, Ry =2.0k2 14 26 14 23 











en WA 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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FUNCTIONAL TABLE Metallization and Pad Layout 


















INPUTS 
FUNCTION 





INTERNAL 
TO DEVICE E OUTPUT 



































































A, | 8 |DRCP| BE |RLE) OE} D; Q, | BUS; Rj 
xX |X xX H| xX] xX Xx x Zz xX Driver output disable 
x |X Xx x x 1H x Xx x Zz Receiver output disable 
xX|X x Hi LEL x L L H Driver output disable and 
xix} x HILIL x H H L receive data via Bus input 
Mie x Perk ke ENG ef Latch received data 
ae Poe Seo ais hes eX x 
H}|X] t x | x]x H x x x : : 
Load driver register 
XTL x |x| x L x x x 
XH t x _X x H : Xx y x x = 
ais L 7 ie He x x x No driver clock restrictions 
xX1X H x x | X NC x x : xX 
x|xX x L£ | x |x L x H x ; 
Drive Bus 
xX] x | Xx | tL | x |x H x L oe Xx 
H = HIGH Z = HIGH Impedance 





X = Don't care i=0,1,2,3 
L = LOW NC = No change t= 


DIE SIZE .074” X .130” 


DEFINITION OF FUNCTIONAL TERMS 


Ag, Ay, A2,A3 The “A” word data input into the two BUSp, BUS, The four driver outputs and receiver in- 
input multiplexer of the driver register. BUS», BUS3 puts (data is inverted). 

Bo, By, Bz,Bg The “B’ word data input into the two Ro, Ri, R2,R3 The four receiver outputs. Data from the 

input multiplexers of the driver register. bus is inverted while data from the A or B 


: : inputs is non-inverted. 
Select. When the select input is LOW, the i ° 


A data word is applied to the driver reg- RLE Receiver Latch Enable. When RLE is 
ister. When the select input is HIGH, the LOW, data on the BUS inputs is passed 
B word is applied to the driver register. through the receiver latches. When RLE 
is HIGH, the receiver latches are closed 
Driver Clock Pulse. Clock pulse for the and will retain the data independent of 
driver register. all other inputs. 
Bus Enable. When the Bus Enable is HIGH, OE Output Enable. When the OE input is 
the four drivers are in the high impedance HIGH, the four three state receiver out- 
state. puts are in the high-impedance state. 


ORDERING INFORMATION 
Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 





Package Type Operating Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 
AM2915APC P-24 Cc C-1 
AM2915ADC D-24 Cc C-1 
AM2915ADC-B D-24 Cc B-1 
AM2915ADM D-24 M Cc-3 
AM2915ADM-B ‘D-24 M B-3 
AM2915AFM F-24-1 M C-3 
AM2915AFM-B F-24-1 M B-3 
AM2915AXC Dice c SL bes, 
AM2915AXM Dice M Method 2010B. 














Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 
2. C = OC to +70°C, Veco = 4.75V to 5.25V, M = — 55°C to +125°C, Voc = 4.50V to 5.50V. 
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 
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INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 


DRIVEN INPUT DRIVING OUTPUT 


602 


: 


© OUTPUT, OOD 





Note: Actual current flow direction shown. 


SWITCHING TEST CIRCUIT 





INPUT A 








R 
Am29154 OR 






OR S. 
INPUT B 2 


*C_ = 15pF for tpLy. tpHL, 
tZL. tZH 
C_ = SpF for tyz, tLz 


SWITCHING WAVEFORMS 


3.0V 








DRIVER 


CLOCK LM 


Ov 


ia t, —e| th nay | 
A, Bors 
INPUT —_——— 13V 
. 
OV 
tou ae PHL ea 


Vou 
BUS 
OUTPUT —— 1.3V 
VoL 
TPHL TPLH fe 
Vou 
RECEIVER —- 
OUTPUT 1.3V 


Note: Bus to Receiver output delay is measured by clocking data into the driver register 
and measuring the BUS to R combinatorial delay. 
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APPLICATIONS 






A CONTROL 8B 
CONTROL 


SCRATCHPAD 





MASTER 


A B CONTROL 
Am2915A 
R 


DATA ADDRESS CONTROL 
BUS BUS BUS 





ALU 







OUT OUT 





ADDRESS 
AND 






REMOTE 
OPERATION 






DATA DISPLAY 





A B CONTROL A B CONTROL 


Am2915A Am2915A 


R BUS R 





The Am2915A is a universal Bus Transceiver useful for many system data, address, contro! and 
timing input/output interfaces. 
MPR-165 
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Am2916A 


Quad Three-State Bus Transceiver With Interface Logic 





Distinctive Characteristics 


Quad high-speed LSI bus-transceiver 
Three-state bus driver 

Two-port input to D-type register on driver 

Bus driver output can sink 48mA at 0.5V max. 
Internal odd 4-bit parity checker/generator 
Receiver has output latch for pipeline operation 


FUNCTIONAL DESCRIPTION 


The Am2916A is a high-performance, low-power Schottky 
bus transceiver intended for bipolar or MOS microprocessor 
system applications. The device consists of four D-type edge- 
triggered flip-flops with a built-in two-input multiplexer on 
each. The flip-flop outputs are connected to four three-state 
bus drivers. Each bus driver is internally connected to the 
input of a receiver. The four receiver outputs drive four D-type 
latches. The device also contains a four-bit odd parity checker/ 
generator. 


The LSI bus transceiver is fabricated using advanced low-power 
Schottky processing. All inputs (except the BUS inputs) 
are one LS unit load. The three-state bus output can sink 
up to 48mA at 0.5V maximum. The bus enable input (BE) is 
used to force the driver outputs to the high-impedance state. 
When BE is HIGH, the driver is disabled. 


The input register consists of four D-type flip-flops with a 
buffered common clock and a two-input multiplexer at the 
input of each flip-flop. A common select input (S) controls 
the four multiplexers. When S is LOW, the Aj data is stored 
in the register and when S is HIGH, the Bj data is stored. The 
buffered common clock (DRCP) enters the data into this 
driver register on the LOW-to-HIGH transition. 


Data from the A or B input is inverted at the BUS output. 
Likewise, data at the BUS input is inverted at the receiver out- 
put. Thus, data in non-inverted from driver input to receiver 
output. The four receivers each feature a built-in D-type latch 
that_is controlled from the buffered receiver latch enable 
(RLE) input. When the RLE input is LOW, the latch is open 
and the receiver outputs will follow the bus inputs (BUS data 
inverted). When the RLE input is HIGH, the latch will close 
and retain the present data regardless of the bus input. 


The Am2916A features a built-in four-bit odd parity checker/ 
generator. The bus enable input (BE) controls whether the 
parity output is in the generate or check mode. When the bus 
enable is LOW (driver enabled), odd parity is generated based 
on the A or B field data input to the driver register. When BE 
is HIGH, the parity output is determined by the four latch 
outputs of the receiver. Thus, if the driver is enabled, parity is 
generated and if the driver is in the. high-impedance state, the 
BUS parity is checked. 
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Receiver outputs sink 12mA 

Advanced low-power Schottky processing 

100% reliability assurance testing in compliance with 
MIL-STD-883 

3.5V minimum output high voltage for direct inter- 
face to MOS microprocessors 


LOGIC SYMBOL 


4 3 8 9 16 15 20 21 


Am2916A 


BUSg BUS, — BUS 





Voc = Pin 24 
GND, =Pin6 
GND» = Pin 18 





CONNECTION DIAGRAM 
Top View 


Am2916A 





Note: Pin 1 is marked for orientation. 





one 


Am2916A 

















LOGIC DIAGRAM 


BUSg BUS, BUS BUS3 


5 ODD 
PARITY 








SELECT $0 
DRIVER 
cock ORCP © 


BUS 


ead are RECEIVER 
ENABLE BE p J RIE 


LATCH ENABLE 


























Storage Temperature : —65°C to +150°C 
Temperature (Ambient) Under Bias tttsti—<—S~S —55°C to +125°C 
Supply Voltage to GroundPotential ? aa 0.5 to +7V 
DC Voltage Applied to Outputs for HIGH Output State” ie aes —0.5V to +Voq max. 
DC Input Voltage StS —0.5V to +7V 
DC Output Current, Into Outputs (Except Bus) ge ee eters ge 30mA 
DC Output Current, IntoBus _ 100mA 





DC Input Current —30mA to +5.0mA 





ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 


Am2916AXC (COM’L) Tp, =0°C to +70°C VecMIN. =4.75V VogMAX. = 5.25V 

Am2916AXM (MIL) Ta =—55°C to +125°C = VecGMIN.=4.50V VecMAX. = 5.50V 

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

Parameters Description Test Conditions (Note 1) Min. Typ. Units 


Bus Output LOW Voltage Vec = MIN. 











Max. 
—— a | 
; COM'L, lo = —20mA 
Volts 
MIL, IoH = —15mA 
Bus Leakage Current Voc = MAX. —— —s 
(High Impedance) Bus enable = 2.4V 
2.0 


100 
0.8 





Bus Output HIGH Voltage Vec = MIN. 














Bus Leakage Current Vo =4.5V 
(Power OFF) Vec =0V 


Bus enable = 2.4V 








Receiver Input LOW Threshold Bus enable = 2.4V 


0.7 
Vec = MAX. 
Bus Output Short Circuit Current —120 —225 
Vo =0V 
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| Am2916A 
ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 


Am2916AXC (COM'L) Ta =0°C to +70°C VecMIN. =4.75V  VocMAX. = 5.25V 

Am2916A XM (MIL) Ta =—55°C to +128°C }=9VocMIN.=4.50V VoGMAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE Typ. 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 














Vec = MIN. MIL: lo = —1.0mA 
“COM'L: Igy = —2.6mA 
Vec = 5.0V,loH = —100uA 
Vec = MIN., lon = —660nA 
Vin = Vin or Vit : 





Receiver 
Output HIGH Voltage 





















Parity 
Output HIGH Voltage 


















Vcc = MIN. 





Output LOW Voltage 








































VoL 
(Except Bus) Vin = Vit or Vin 
Vv Input HIGH Level Guaranteed input logical HIGH 
1H , 2.0 
(Except Bus) for all inputs 
Vib Input LOW Level 





(Except Bus) 







Guaranteed input logical LOW MIL 
for all inputs COM'L 


Vec = MIN., tj = —18MA 








Input Clamp Voltage (Except Bus) 















E, RLE 





Input LOW Current (Except Bus) 










B 
Vcc = MAX., Vin =0.4V | 
| All other inputs 


ales 


RECEIVER —30 
PARITY —20 









Input HIGH Current (Except Bus) Vec = MAX., Vin = 2.7V 


Vec = MAX., Vin = 7.0V 










Input HIGH Current (Except Bus) 



























Output Short Circuit Current 
(Except Bus) 


Power Supply Current 


Vcc = MAX. 












Voc = MAX., All Inputs = GND 


SWITCHING CHARACTERISTICS OVER 
OPERATING TEMPERATURE RANGE 


Am2916AXM Am2916AXC 
het Typ. Typ. 
Parameters Description Test Conditions Min. (Note 2) Max. Min. (Note 2) Max. 
21 
Driver Clock (DRCP) to Bus — 





C. (BUS) = 50pF 
R,_ (BUS) = 1302 








Bus Enable (BE) to Bus 





tHZ. tLZ 











Data Inputs (A or 'B) 











Select Inputs (S) 








Clock Pulse Width (HIGH) 








* 'Bus to Receiver Output 
(Latch Enabled) 











Latch Enable to Receiver Output 

















Bus to Latch Enable (RLE) 








A or B Data to Odd Parity Output 
(Driver Enabled) . 











Bus to Odd Parity Output 


(Driver tnhibited, Latch Enabled) 


tPLH Latch Enable (RLE) to 
tpH. Odd Parity Output 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test shou! not exceed one second. 
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Am2916A 












—s 


INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 












DRIVEN INPUT DRIVING OUTPUT 






OUTPUT, ODD 


MPR-170 








INPUT A 
ORO 
INPUT B 


R 
Am2916A OR 
ODD 








TEST 9 
POINT *C_ = 15pF for tpLy, tPpHL, 
tZL.tZH 


= CL = SpF for tyz, tLz 


MPR-171 





3.0V 


DRIVER 
CLOCK 


A, Bors 
INPUT 





run —e| pe PHL -- 


BUS 
OUTPUT 





RECEIVER 
QUTPUT 


Note: Bus to Receiver output delay is measured by clocking data into the driver register 
and measuring the BUS to R combinatorial delay. 





APPLICATIONS 


SELECT 


CLOCK 





B A 
s 
DRCP 
Am2916A Am2916A 
O] BE 
O} RLE 
ODD BUS R 
BITS 
BUS 12-15 
ENABLE 
LATCH 
ENABLE 





ODD/EVEN 
CONTROL 
L = EVEN 
H= ODD 





Py Py Pg Pq Ps Pg Py Pg Po 
Am82S62 


EVEN 


CHECK 
PARITY OUTPUT 


Generating or checking parity for 16 data bits. 
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Am2916A 


BUS PARITY 


Am2916A 


MPR-173 


Am2916A 










FUNCTION TABLE Metallization and Pad Layout 

















INTERNAL 


DRCP 
INPUTS TO DEVice | BUS | OUTPUT 


FUNCTION 


















































s Ai | B; | DRCP| BE ACE OE | OD; Q; | BUS; Rj 
x[x[x] x Tui xfx [x | x | z ‘x | Driver output disable R3 
xX} XxX | x { Xx a xX ]H x x x Z Receiver output disable B3 
4 Z ee OLGANON IMPRRCKCRER reichtce RESON De CaM aise tht foc abah hh RR N 
X| XX x HJ LIL x L L H Driver output disable and 
x1|x]| x x HILCIL x H H L receive data via Bus input A3 
+ — a ee aa BUS3 
x[x{x{ x [x[alx[ x [Tuc] x] x Latch received data 
L{LIX i t Xx x x L x x x GND9 
LITH}X t x |x] x H x x x , . 
Load driver register 
HI XL t x} x |X L X x x BUS? 
H| x 4 t+ |x] xix] uf]x |x xX A2 
| eos . as a 7 NE x x x No driver clock restrictions B2 
X|X]xX H x1 x1 xX |] NC x x x R 
— —+ ——— : — 2 
xlxtx| x |otxlxloelx | a x 
Drive Bus 
xX|xX]X x tL | xX |X H x L xX ; 
H= HIGH Z=HIGH impedance xX = Don't care (=0,1,2,3 s 
L = LOW NC = No change t = LOW to HIGH transition 


‘DIE SIZE .074” X .130" 


DEFINITION OF FUNCTIONAL TERMS 


Ag, Ay, A2,A3 The “A” word data input into the two BUSo, BUS, The four driver outputs and receiver in- 
input multiplexer of the driver register. BUS5, BUS3 puts (data is inverted). 


Bo, By, Bz,B3 The “B” word data input into the two Ro, R1, R2, R3 The four receiver outputs. Data from the 
input multiplexers of the driver register. bus is inverted while data from the A or B 
Select. When the select input is LOW, the — EAR OU ICIS EN: = 
A data word is applied to the driver reg- LE Receiver Latch Enable. When RLE is 
ister. When the select input is HIGH, the LOW, data on the BUS inputs is passed 
B word is applied to the driver register. through the receiver latches. When RLE 

is HIGH, the receiver latches are closed 
Driver Clock Pulsé. Clock pulse for the and will retain the data independent of 
driver register. all other inputs. 
Bus Enable. When the Bus Enable is HIGH, OE Output Enable. When the OE input is 
the four drivers are in the high impedance HIGH, the four three state receiver out- 
state. puts are in the high-impedance state. 


ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Package Type Operating Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 
AM2916APC P-24 Cc C-1 
AM2916ADC D-24 Cc C-1 
AM2916ADC-B D-24 Cc B-1 
AM2916ADM D-24 M C-3 
AM2916ADM-B D-24 M B-3 
AM2916AFM F-24-1 M C-3 
AM2916AFM-B F-24-1 M B-3 

: Visual inspection 

AM2916AXC Dice Cc 
AM2916AXM Dice M Aiea ianeatin 


Method 2010B. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 
2. C = 0°C to +70°C, Voc = 4.75V to 5.25V, M = — 58°C to +125°C, Voc = 4.50V to 5.50V. 


3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Ciass C. Level B-3 conforms to MIL-STD-883, 
Class B. 








Am2917A 


Quad Three-State Bus Transceiver With Interface Logic 








Distinctive Characteristics 


@ Quad high-speed LS! bus-transceiver @ Three-state receiver outputs sink 12mMA 

@ Three-state bus driver. @ Advanced low-power Schottky processing 

@ D-type register on driver @ 100% reliability assurance testing in compliance with 
@ Bus driver output can sink 48mA at 0.5V max. MIL-STD-883 

@ Internal odd 4-bit parity checker/generator @ 3.5V minimum output high voltage for direct inter- 
@ Receiver has output latch for pipeline operation face to MOS microprocessors 






FUNCTIONAL DESCRIPTION LOGIC SYMBOL 









The Am2917A is a high-performance, low-power Schottky bus 
transceiver intended for bipolar or MOS microprocessor system 
applications. The device consists of four D-type edge-triggered 
flip-flops. The flip-flop outputs are connected to four three- 
state bus drivers..Each bus driver is internally connected to the 
input of a receiver. The four receiver outputs drive four D-type 
latches, that feature three-state outputs. The device also con- 
tains a four-bit odd parity checker/generator. 





















Ro 





The LSI bus transceiver is fabricated using advanced low- 
power Schottky processing. All inputs (except the BUS inputs) 
are one LS unit load. The three-state bus output can sink up to 
48mA at 0.5V maximum. The bus enable input (BE) is used to 
force the driver outputs to the high-impedance state. When BE 
is HIGH, the driver is disabled. 


The input register consists of four D-type flip-flops with a 
buffered common clock. The buffered common clock (DRCP) 
enters the Aj data into this driver register on the LOW-to- 
HIGH transition. 


Data from the A input is inverted at the BUS output. Like- 
wise, data at the BUS input is inverted at the receiver output. 
Thus, data is non-inverted from driver input to receiver output. 
The four receivers each feature a built-in D-type latch that is 
controlled from the buffered receiver latch enable (RLE) 
input. When the RLE input is LOW, the latch is open and the 
receiver outputs will follow the bus inputs (BUS data inverted 
and OE LOW). When the RLE input is HIGH, the latch will 
close and retain the present data regardless of the bus input. 
The four latches have three-state outputs and are controlled 
by a buffered common three-state control (OE) input. When 
OE is HIGH, the receiver outputs are in the high-impedance 
state. 


The Am2917A features a built-in four-bit odd parity checker/ 
generator. The bus enable input (BE) controls whether the 
parity output is in the generate or check mode. When the bus 
enable is LOW (driver enabled), odd parity is generated based 
on the A field data input to the driver register. When BE is 
HIGH, the parity output is determined by the four latch out- 
puts. of the receiver. Thus, if the driver is enabled, parity is 
generated and if the driver is in the high-impedance state, the 
BUS parity is checked. 





Am2917A Ry 












R2 








R3 







BUSg BUS; BUS2 BUS3 























Vcc = Pin 20 
GND, = Pin 5 
GND9= Pin 15 

















CONNECTION DIAGRAM 
Top View 


















Am2917A 















Note: Pin 1 is marked for orientation. 
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Am2917A 








LOGIC DIAGRAM 






x OUTPUT 
CJP—0 OF controt 


Ao 


Al 


A2 


A3 


) > O—O PARITY 














DRIVER 
crock DRCPO 
RECEIVER 


LATCH 
ENABLE 


BE O-————_____—_—— > o< | 


O 
Pp) 
fl 
mi 


BUS 
ENABLE 


MAXIMUM RATINGS (Above which the useful life may be impaired) 












































Storage Temperature Zane -65°C to +150°C 
Temperature (Ambient) Under Bias ti itstsi(‘i‘<; Ow 55°C to +125°C 
Sie) Valiage 16 Ground Boiantial a od Menage ene ae A at ce ee es Os See, Riel ey 
DC Voltage Applied to Outputs for HIGH OutputStae _ = — =0.5 V to +VcCC max. 
DC Input Voltage § © | ae eae 0.5 V totd7 V 
DC Output Current, Into Outputs (Except BUS) | “ i - oot ee et BQ MA 
DC Output Current, IntoBus ss ti i ststi‘i‘<—<; OS® meet © ae i 100 mA 





DC Input Current -30 mA to +5.0 mA 


ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 
Am2917AXC (COM'L) Ta =0°C to +70°C 
Am2917AXM (MIL) Tp = 88°C to +125°C 


VecMIN. =4.75V 
VecMIN. = 4.50V 


VecMAX. = 5.25V 
VecMAX. = 5.50V 


BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE : 
Parameters Description Test Conditions (Note 1) Min. Typ. Max. Units 















Bus Output LOW Voltage Vec = MIN. 


lo, = 48mA 
COM’L, IoH = —20mA 
MIL, loH = —15mA 





Bus Output HIGH Voltage Voc = MIN. 








Vec = MAX. 
Bus enable = 2.4V 


Bus Leakage Current 
(High impedance) 





Vo =45V 
Veco = OV 


Bus Leakage Current 
(Power OFF) 


Receiver Input HIGH Threshold 











Bus enable = 2.4V 





Receiver Input LOW Threshold Bus enable = 2.4V 





i. Voc = MAX. ° 


Bus Output Short Circuit Current Vo =0V 
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Am2917A 
ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 


Am2917AXC (COM’L) Ty, = 0°C to+70°C VecMIN. =4.75V  VoegMAX. = 5.25V 

Am2917AXM (MIL) Ta =—55°C t0+125°C }=9VoGMIN. =4.50V VocMAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE Typ. 

Parameters Description Test Conditions (Note 1). Min. (Note 2) Max. Units 









Vec = MIN. MIL: Igy = —1.0mA 
Vin = Vit or Vin COM'L: IQH = —2.6mA 
Voc = 5.0V, low = —100uA 

Parity Voc = MIN., IoH = —660uA 

Output HIGH Voltage Vin = Vin or Vib 





Receiver 
Output HIGH Voltage 

















Output LOW Voitage — Vec = MIN. 
(Except Bus) Vin = Vit or Vind 











Input HIGH Level Guaranteed input logical HIGH 
(Except Bus) for all inputs 


Input LOWjLevel Guaranteed input logical Low | MIL 
(Except Bu§) for all inputs COM'L 


Input Clamp Voltage (Except Bus) Vec = MIN., lin, = -18MA 


BE, RLE 
Input LOWiCurrent (Except Bus) Vcc = MAX., Vin = 0.4V 
; All other inputs 


f 
Input HIGH Current (Except Bus) Voc = MAX., Vin = 2.7V 
Input HIGH Current (Except Bus) Voc = MAX,, Vins = 7.0V 


Output Shaft Circuit Current ? RECEIVER 
(Except Bu§) 






































Power Supply Current 


Off-State Output Current 
(Receiver Outputs) 





SWITCHING CHARACTERISTICS OVER 
OPERATING TEMPERATURE RANGE 


















Am2917AXM Am2917AXC 
‘Typ. Typ. 
Parameters Description Test Conditions Min. «Note 2) Max. Min. (Note2) Max. | Units 
tPHL 





Driver Clock (DRCP) to Bus 






C._ (BUS) = 50pF 
R,_ BUS) = 1302 


tPLH 


t2H. t2L See 
Wet OeRecinersl Bus Enable (BE) to Bus 
tHz. tLZ 






























ty 
A Data Inputs 
th 
tpw Clock Pulse Width (HIGH) 











Bus to Receiver Output 
(Latch Enabled) 














Latch Enable to Receiver Output 






























































i = Bus to Latch Enable (RLE) 
tPLH A Data to Odd Parity Out 
tPHL (Driver Enabled) 
tPLH Bus to Odd Parity Out 
tPpHL (Driver Inhibit) 
| tPLH Latch Enable (RLE) to Odd 
tPHL Parity Output 
eae Output Control to Output : 
tHZ-tLz CL =5pF, Ry =2.0ka 











Notes: 1. For conditions shown as MIN, or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. . 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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Am2917A 


INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 


DRIVEN INPUT DRIVING OUTPUT 






OUTPUT, ODD 


Note: Actual current flow direction shown. 











MPR-178 
SWITCHING TEST CIRCUIT 
Veco 
RL 
TEST 
POINT 2:0k8 
INPUT A R 
ORC Am2917A OR Ss. 
INPUT B 2 
TEST ¢ 
POINT *C, = 15pF for tp_y, tpHL, 
tZ2L.tZH 
= C._ = SpF for tyz, tz 
MPR-179 
3.0V 
DRIVER 1.30 
CLOCK 
—_——_—_—_____-____—- 0v 
wy th | 
3.0V 
A INPUT ———_ 1.3V 
ov 
PLH— ‘PHL -- 
——————————-— You 
BUS 
OUTPUT TaN 
— Vor 
PHL TPLH = 
Vou 
RECEIVER tS 
OUTPUT 1.3V 
Vou 
Note: Bus to Receiver output delay is measured by clocking data into the driver register 
and measuring the BUS to R combinatorial delay. 
MPR-180 
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Am2917A 






APPLICATIONS 





A 







Am2917A 
ADDRESS REGISTER 


BUS 












Am2918 
STATUS REGISTER 










A 














Am2917A 
DATA BUS eae 
REGISTER 


R 








FLAGS Y 
A 














Am2909 
BUS Am2917A MICROPROGRAM t Am2901 
SEQUENCER BIPOLAR 






R MICROPROCESSOR 







D 





ROM/PROM 
MICROCODE 










Am2918 
MICROWORD 
REGISTER 





The Am2917A can be used as an !/O Bus Transceiver and Main Memory I/O Transceiver 
in high-speed Microprocessor Systems. 






MPR-181 
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Am2917A 





FUNCTION TABLE 








prevents FUNCTION 







































NC = No change * = LOW to HIGH transition 





















ORDERING INFORMATION 


Order the part number according to the table below to obtain the de- 
sired package, temperature range, and screening level. 





Package Operating Screening 
Order Type Range Level 
Number (Note 1) (Note 2) (Note 3) 

AM2917APC P-20 Cc C-1 
AM2917ADC D-20 Cc C-1 
AM2917ADC-B D-20 Cc B-1 
AM2917ADM D-20 M C-3 
AM2917ADM-B D-20 M B-3 
AM2917AFM F-20 M C-3 
AM2917AFM-B F-20 M B-3 
AM2917AXC Dice C Ml ces: 
AM2917AXM Dice M 


Method 2010B. 





Notes: 

1. P = Molded DIP, D = Hermetic DIP, F = Fiat Pak. Number follow- 
ing letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the var- 
iations of the package may be used unless otherwise specified. 

2. C = 0°C to +70°C, Vee = 4.75V to 5.25V. 

M = —55°C to +125°C, Voc = 4.50V to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 con- 
form to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD- 

883, Class B. 





RLE| O£ BUS; Rj 
x | x Z xX | Driver outputdisable 
x H Xx Zz Receiver output disable 
Lye L H Driver output disable and 
L L H L receive data via Bus input 
H| x | x | x | Latchreceived data _ 
xX |X x x 
Load driver register 
xX | X x xX 
x |X 
“ ss No driver clock restrictions 
x | X Xx x 
x] X H x 
Drive Bus 
xX | X L x 
H = HIGH Z = HIGH Impedance X = Don't care i=0,1,2,3 





Metallization and Pad Layout 











RLE 1 ORCP 
Ro 2 R3 
Ag 3 A3 

BUSg 4 BUS3 

GND, 5 GND92 

BUS; 6 BUS» 
A, 7 A2 
R, 8 Ra 








DIE SIZE .074” X .130” 


DEFINITION OF FUNCTIONAL TERMS 


DRCP Driver Clock Pulse. Clock pulse for the driver register. 


BE Bus Enable. When the Bus Enable is HIGH, the four 
drivers are in the high impedance state. 


BUSp, BUS;, BUS2z, BUS3 The four driver outputs and 
receiver inputs (data is inverted). 


Ro, R1, Ra, R3 The four receiver outputs. Data from the 
bus is inverted while data from the A inputs is non-inverted. 


RLE Receiver Latch Enable. When RLE is LOW, data on the 
BUS inputs is passed through the receiver latches. When RLE 
is HIGH, the receiver latches are closed and will retain the 
data independent of all other inputs. 


ODD Odd parity output. Generates parity with the driver 
enabled, checks parity with the driver in the high-impedance 
state. 


OE Output Enable. When the OE input is HIGH, the four 
three-state receiver outputs are in the high-impedance state. 


PARITY OUTPUT FUNCTION TABLE 





BE ODD PARITY OUTPUT 


ODD = Ag ®& Aj © A2® Ag 
ODD = Qg 2 Qj @ Qo 4 
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Am2918 


Quad D Register With Standard And Three-State Outputs 








Distinctive Characteristics @ Four three-state outputs 

e@ Advanced Schottky technology $n +s @ 75 MHz clock frequency 

@ Four D-type flip-flops @ 100% reliability assurance testing in compliance with 
@ Four standard totem-pole outputs MIL-STD-883 










FUNCTIONAL DESCRIPTION 


New Schottky circuits such as the Am2918 register provide the 
design engineer with additional flexibility in system configura- 
tion — especially with regard to bus structure, organization 
and speed. The Am2918 is a quadruple D-type register with 
four standard totem pole outputs and four three-state bus-type 
outputs. The 16-pin device also features a buffered common 
clock (CP) and a buffered common output control (OE) for the 
Y outputs. Information meeting the set-up and hold require- 
ments on the D inputs is transferred to the Q outputs on the 
LOW-to-H!IGH transition of the clock, 


The same data as on the Q outputs is enabled at the three-state 
Y outputs when the “output control” (OE) input is LOW. 
When the OE input is HIGH, the Y outputs are in the high- 
impedance state. 


LOGIC DIAGRAM 



















' STANDARD 
OUTPUTS 

























The Am2918 register can be used in bipolar microprocessor 
designs as an address register, status register, instruction reg- 
ister or for: various data.or microword register applications. 
Because of the unique design of the three-state output, the de- 
vice features very short propagation delay from the clock to 
the Q or Y outputs. Thus, system performance and archi- 
tectural design can be improved by using the Am2918 register. 
Other applications of Am2918 register can be found in micro- 
programmed display systems, communication systems and 
most general or special purpose digital signal processing 
equipment. 






THREE-STATE 
OUTPUTS 
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LOGIC SYMBOL 


1 4 12 15 


ORDERING INFORMATION 


Order the part number according to the table below to obtain the de- 
sired package, temperature range, and screening level. 

















Do Dy D2 D3 











Package Operating Screening 
Order Type Range Level 






















































Number (Note 1) (Note 2) (Note 3) Am2918 
AM2918PC P-16 Cc C-1 
AM2918DC D-16 Cc C-1 Qq Q; Ap Ag Yo Y; Y2 Y3 
AM2918DC-B D-16 Cc B-1 
AM2918DM D-16 M C-3 2 5 1114 3 6 10 13 
AM2918DN-B D-16 M B-3 Ver = Pin 16 
AM2918FM F-16 M C-3 cee "Fin 18 eta 
AM2918FM-B F-16 M B-3 ND = Pin8 
2 Visual inspection 
AM2918XC Dice c pag CONNECTION DIAGRAM 
AM2918XM Dice M 1 MISO TD-Oee 
Method 2010B. Top View 
Notes: Vee 53 93 Y3 Dg GQ, Yq CP 





1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number follow- 
ing letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the 
variations of the package may be used unless otherwise Bepecned: 

2. C = 0°C to +70°C, Voc = 4.75V to 5.25V. 


























7 
M = —55°C to +125°C, Voc = 4.50V to 5.50V. ig 
3. See Appendix A for details of screening. Levels C-1 and C-3 con- ig es 9m Bare dy “We CORED 
form to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD- Be Od nS sale 
883, Class B. Note: Pin 1 is marked for orientation. MPR-185 
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Am2918 
MAXIMUM RATINGS (Above which the useful life may be impaired) 




















Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous : —0.5V to +7V 
DC Voltage Applied to Outputs for HIGH Output State ~—0.5V to +Vcc max. 
DC Input Voltage . ; : —0.5V to +5.5V 
DC Output Current, Into Outputs : - 30mA 





DC Input Current . ; —30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am2918XC Ta =0°C to +70°C Voc = 5.0V + 5% (COM'L) MIN. = 4.75V MAX. = 5.25V 
Am2918XM Ta = —55°C to +125°C Vec = 5.0V £ 10% (MIL) MIN. = 4.5V MAX. = 5.5V T 

: j yp. ; 
Parameters Description Test Conditions (Note 1) Min. (Note. 2) Max. Units 


MIL 2.5 
Vec = MIN., COM'L 2.7 


Vin = Vin or ViL XM, lo = —2mA 2.4 
Y 


XC, 10H = —6.5mA 2.4 
















Q 1oH = —1mA 


Output HIGH Voltage 











Vcc = MIN., lop = 20mMA 


Output LOW Voltage (Note 6) 
Vin = ViH or VIL 





Guaranteed input logical HIGH” 
voltage for all inputs 
Guaranteed input logical LOW 
voltage for all inputs 


Input HIGH Level 2.0 





Input LOW Level 








Nie 
(Note 3) 


Input Clamp Voltage Vec = MIN:, yyy = —18mMA 





Input LOW Current Voc = MAX., Vin = 0.5V 





input HIGH Current Vac = MAX.,, Vin = 2.7V ne 
Input HIGH Current =——~«@Ct*C‘<i«‘w i = MAX, Vy = 5.5VV - 
ies. = ---- Tit oc aace Vo =2.4V 


Leakage Current 


Vo =0.4V 
Output Short Circurt Current Voc = MAX. —100 mA 
(Note 4) 
Power Supply Current Vcc = MAX. (Note 5) 130 


1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, Ta= 25°C ambient and maximum loading. 

3. Actual input currents = Unit Load Current x !nput Load Factor (see Loading Rules). 

4, Not more than one outpu* should be shorted at a time. Duration of the short circuit test shoud not exceed one Second, 

5 

6 




























- loc is measured with all inputs at 4.5V and all outputs open. 
. Measured on Q outputs with Y outputs open. Measured on Y outputs with © outputs open. 


Switching Characteristics (Tq = +25°C, Vcc = 5.0V, RL = 2802) 


Parameters Description Test Conditions Min. Typ. Max. Units 


Clock to Q Output 


Clock Pulse Width 











Clock to Y Output 
(OE LOW) 








Output Control to Output 








Maximum Clock Frequency 
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TRUTH TABLE 











INPUTS OUTPUTS 
cLocK ; NOTES 
cP 


Crrr Tae Ts a 


ll =mrerurxx]o 


Z2 
frei rtess je 


IrrmcoNnnnAN < 





L= LOW 
H= HIGH 
X = Don't care 


NC = No change 
t = LOW to HIGH transition 
Z = High impedance 


Note: 1, When OE is LOW, the Y output will be in the same logic 
state as the Q output. 


DEFINITION OF FUNCTIONAL TERMS 

Dj The four data inputs to the register. 

Q; The four data outputs of the register with standard 
totem-pole active pull-up outputs. Data is passed non- 
inverted. 

Yj The four three-state data outputs of the register. When 
the three-state outputs are enabled, data is passed non- 
inverted. A HIGH on the “output control” input forces the 
Yj outputs to the high-impedance state. 

CP Clock. The buffered common clock for the register. 
Enters data on the LOW-to-HIGH transition. 

OE Output Control. When the OE input is HIGH, the Yi 
outputs are in the high-impedance state. When the OE input 
is LOW, the TRUE register data is present at the Yj outputs. 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


Y DRIVING OUTPUT | 





Note: Actual current flow direction shown. 
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Q DRIVING OUTPUT | 


Am2918 





LOADING RULES (In Unit Loads) 




























































Fan-out 
Input Output Output 
Input/Output Pin No.’s Unit Load HIGH LOW 
Do 1 1 - - 
~~ Qo 2 = 20 10* 
Yo 3 —- —- 40/130—t*~—=«‘SNtS 
Dy 4 1 oe 
Q; 5 Ss 20 ~—*10* 
¥y 6 ~ 40/1300" 
OE 7 1 — = 
GND 8 es a. = 
cP 9 1 = 2 
Y2 10 — 40/130 10* 
~~ Qp 1 = 20.—~«*N2 SS 
D2 12 1 a aecid 
Ys 13 =: 40/130 10* 
~ Q3 14 = 20 10* 
D3 15 ‘a ee ae 
Vcc 16 - - eS eae 


A Schottky TTL Unit Load is defined as 50uA measured at 2.7V 
HIGH and —2.0mA measured at 0.5V LOW. 


“Fan-out on each Qj and Y; output pair should not exceed 15 unit 
loads (30mA) for i = 0, 1, 2, 3. 


Q 
Yo 


Dy 
Oy 





‘4 





GND 
DIE SIZE 0.077” x 0.079” 


DRIVEN INPUT 











UNIT LOAD 
2.8k2 NOM 
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Am2918 





APPLICATIONS 



















Am2901A 
BIPOLAR 
MICROPROCESSOR 


Am2918 
DATA-IN 
REGISTER 


Am2901A 
BIPOLAR 
MICROPROCESSOR 


































CARRY 
OVERFLOW Zz 
FLAGS 
ZERO Am26S10 
NEGATIVE py Ge Q ' "BUS Bus 
REGISTER TRANSCEIVER 
D 
CONTROL 
Am2918 PANEL 
fe y DISPLAY 
Y 
FLAG DATA Am2918 Am26510 ADDRESS 
ADDRESS Q BUS 
CONTINUOUS FOR BUS USE REGISTER TRANSCEIVER ae 
FLAG DATA 
The Am2918 as a 4-Bit The Am2918 used as data-in, data-out 
status register and address registers. 
MPR-187 
BUSA 
CLOCK CLOCK 
No Mo 
Ny My 
Ng M2 
Ng M3 
OUTHUT OUTPUT 
CONTROL CONTROL 
BUS B 
The Am2918 can be connected for bi-directional interface between two buses. The device on the left 
stores data from the A-bus and drives the A-bus. The device on the right stores data from the B-bus and 
drives the A-bus. The output control is used to place either or both drivers in the high-impedance state. 
The contents of each register are available for continuous usage at the N and M ports of the device. 
MPR-188 
Xo x Xp X3 X4 Xs Xe 7 
SERIAL SERIAL 
DATA DATA 
IN OUT 
Do Q Dy OQ, Dz Ay D3 Og 
cr 
Am2918 
Yoo Ya Ng: ¥g 
CLOCK 
BUS 
CONTROL 
Wo Wr Wa We We We We Wz 
8-Bit serial to parallel converter with three-state output (W) and direct access to the register word (X). 
MPR-189 
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Am29LS18 


Quad D Register With Standard And Three-State Outputs 


DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 

@ Low-power Schottky version of the popular Am2918 The Am29LS18 consists of four D-type flip-flops with a buf- 

@ Four standard totem-pole outputs fered common clock. Information meeting the set-up and hold 

@ Four three-state outputs requirements on the D inputs is transferred to the Q outputs 

@ Four D-type flip-flops on the LOW-to-HIGH transition of the clock. 

@ 100% product assurance testing to MIL-STD-883 The same data as on the QO outputs is enabled at the three- 
requirements state Y outputs when the “output control’’ (OE) input is 


LOW. When the OE input is HIGH, the Y outputs are in the 
high-impedance state. 


The Am29LS18 is a 4-bit, high-speed register intended for use 
in real-time signal processing systems where the standard out- 
puts are used in a recursive algorithm and the three-state 
outputs provide access to a data bus to dump the results after 
a number of iterations. 


The device can also be used as an address register or status 
register in computers or computer peripherals. 


Likewise, the Am29LS18 is also useful in certain display 
applications where the standard outputs can be decoded to 
drive LED’s (or equivalent) and the three-state outputs are bus 
organized for occasional interrogation of the data as displayed. 


LOGIC DIAGRAM LOGIC SYMBOL 






09 Q9 
‘I stanparo 
OUTPUTS 
Q2 
Q3 
2 5 1114 3 6 10 13 
Dy 
Voc = Pin 16 
Yo GND = Pin8 
MPR-1914 
Do 
CONNECTION DIAGRAM 
¥: . 
: Top View 
THREE-STATE 
OUTPUTS 
YQ 
Dg 
CLOCK cP . 
OUTPUT xe 
CONTROL 9F am 
Note: Pin 1 is marked for orientation. 





MPR-190 MPR-192 
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Am29L3S18 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM'L Ta, =0°Cto+70°C Voc =5.0V #5%  (MIN.=4.75V MAX. =5.25V) 

MIL Ta = 55°C to+125°C = Veg = 5.0V +10% (MIN. =4.50V MAX. =5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE Typ. 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 










Q, 10H = —660uA 










Vec = MIN. 
Vin = Ving or Vin 















Output HIGH Voltage Volts 


MIL, loy = —1.0mA 
COM'L, Igy = 2.6mA 





























Vcc = MIN. 
Vin = Vin or Vit 





Output LOW Voltage Volts 
























Guaranteed input logical HIGH 


Input HIGH Level : 
voltage for all inputs 


Volts 


oe 
ros) 


















o 
| 


Guaranteed input logical LOW 
voltage for all inputs 








Input LOW Level Volts 
















Input Clamp Voltage Voc = MIN. Vin = ~18mA Volts 








> 


m 







Input LOW Current Vec = MAX., Vin = 0.4V 














N 
3 
> 


Input HIGH Current 







Vcc = MAX., Vin = 2.7V 











oO 


| 
‘ fo) 
= w 
ro) 


> 


Input HIGH Current Vcc = MAX., Ving = 7.0V 










Off-State (High-Impedance) 
Output Current 






Output Short Circuit Current 
(Note 3) 






3 
> 






Power Supply Current 
(Note 4) 


“N 
3 
> 





.~ 


| 
2s) 
je] ls ; 





Notes:1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vccg = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short-circuit test should not exceed one second. 
4. Icc is measured with all inputs at 4.5V and all outputs open. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature . ; —65°C to +1 50°C 
Temperature (Ambient) Under Bias —55°C to +125°C 



































Supply Voltage to Ground Poteritial! Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State - eo ee ee —0.5V to +Veco max. 
DC Input Voltage ie a —0.5V to +7.0V 
DC Output Current, Into Outputs 30mA 
DC Input Current — . —30mA to +5.0mA 
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SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) 


Parameters Description Min. Typ. Max. Units Test Conditions 


Clock to Q; 





Clock to Yj (OE LOW) 


























Note 1, Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on ty, tf, 
pulse width or duty cycle. 






SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* Ante ene 
Ta =0°C to +70°C 
Vcc = 5.0V +5% 


Am29LS18DM, FM 





Ta = —55°C to +125°C 
Vcc = 5.0V + 10% 



































Parameters Description Min. Max. Units Test Conditions 
Eee 
Clock to Y; (OE LOW) ee bai 
35 
‘pw 20 
oe 
i, | 5.0 | 
‘ZH ees 
ZL es 
tz eres, SA: 
iz fe ile aes 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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APPLICATIONS 


H 
— 

DECODER/ 
DRIVER 


DECODERS 
DRIVER 














Am29L818 





o @o 
4 4 
D> ° 
g & 
€ E 
€ ¢ 








1/2 Am25LS139 





DECODER/ 
PRIVER 








1/2 Am25L$139 








DATA 














BUS 











The Am29LS18 used as a display register with bus interrogate capability. 






CLOCK 

in | aN 

We Q, 
W pe eee 
: ee eae 

W3 cz) Q3 

& Yo 

a YY 


Os 
wr NX 
ail 
| 


LENGTH a 
CONTROL a 
N 

E 

9 

ENABLE g 








eo) 
a 
no 
pa] 
a 
“ 

€ 
t 


oO 
m 








Xo 
xy 
XQ 
X3 








LE 





DATA 
BUS 








I 








LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


Y DRIVING OUTPUT 






'OH 


Jou 





| Q DRIVING OUTPUT | 






502 NOM 






| 
lon | 
| 

| 

| 

| 

fou | 
| 

| 

| 

| 

| 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


The Am29LS18 as a variable length (1, 2, 3 or 4 word) shift register. 


DRIVEN INPUT 










MPR-194 





Note: Actual current flow direction shown. 











MPR-195 
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DEFINITION OF FUNCTIONAL TERMS TRUTH TABLE 

Dj The four data inputs to the register. INPUTS OUTPUTS 

Q; The four data outputs of the register with standard NOTES 

totem-pole active pull-up outputs. Data is passed non- OE 

inverted. 

Yj The four three-state data outputs of the register. When " x Z 

the three-state outputs are enabled, data is passed non- 4 ’ a 

inverted. A HIGH on the “output control”’ input forces the H H Zz = 

Yj outputs to the high-impedance state. L L L _ 

CP Clock. The buffered common clock for the register. . H ‘ i 

Enters data on the LOW-to-HIGH transition. L _ 4 1 

OE Output Control. When the OE input is HIGH, the Yi 

outputs are in the high-impedance state. When the OE input seals NC = No change - 

is LOW, the TRUE register data is present at the Yj outputs. al 7 i peat bed ioe eeneiHee 
= Don’t care Z = High impedance 





Note: 1. When OE€ is LOW, the Y output will be in the same logic 
state as the Q output, 











Do 


Qo 


Yo 
D4 
Q4 


v4 











GNO 





DIE SIZE 0.083” x 0.099" 











ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 





Package Type Operating Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 
AM2SLS18PC P-16 Cc C-1 
AM29LS18DC D-16 Cc C-1 
AM29LS18DC-B D-16 Cc B-1 
AM29LS18DM D-16 M C-3 
AM29LS18DM-B D-16 M B-3 
AM29LS18FM F-16 M C-3 
AM29LS18FM-B F-16 M B-3 
AM29LS18XC Dice Cc Wise! Depecton 
AM29LS18XM Dice M 40 Ue eee 
Method 2010B. 





Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 
2. C = 0°C to +70°C, Voc = 4.76V to 5.25V, M = — 55°C to +125°C, Voc = 4.50V to 5.50V. 
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 
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Am2919 


Quad Register With Dual Three-State Outputs 


DISTINCTIVE CHARACTERISTICS 


@ Two sets of three-state outputs 

@ Four D-type flip-flops 

®@ Polarity control on one set of outputs 

Buffered common clock enable 

Buffered common asynchronous clear 

Separate buffered common output enable for each set of 
outputs 

100% reliability assurance testing in compliance with MIL 
STD-883 


LOGIC DIAGRAM 


CLR POL GE-Y OEF-W 
CLEAR POLARITY OUTPUT ENABLE 


MPR-1t96 


FUNCTIONAL DESCRIPTION 


The Am2919 consists of four D-type flip-flops with a buffered 
common clock enable. Information meeting the set-up and 
hold time requirements of the D inputs is transferred to the 
flip-flop outputs on the LOW-to-HIGH transition of the clock. 
Data on the Q outputs of the flip-flops is enabled at the 
three-state outputs when the output control (OE) input is 
LOW. When the appropriate OE input is HIGH, the outputs 
are in the high impedance state. Two independent sets of 
outputs—W and Y—are provided such that the register can 
simultaneously and independently drive two buses. One set 
of outputs contains a polarity control such that the outputs 
can either be inverting or non-inverting. 


The device also features an active LOW asynchronous clear. 
When the clear input is LOW, the O output of the internal 
flip-flops are forced LOW independent of the other inputs. 
The Am2919 is packaged in a space-saving (0.3-inch row 
spacing) 20-pin package. 


LOGIC SYMBOL 


18 —O} POL 
Wo Wy W2 Wz Yq ‘Yq Yo Y3 


Vec = Pin 20 
GND = Pin 10 


MPR-197 


CONNECTION DIAGRAM 
Top View 


W3 Y3 Dg We 


Note: Pin 1 is marked for orientation. 


MPR-198 
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ELECTRICAL CHARACTERISTICS 


The Following Conditions Apply Unless Otherwise Specified: 


COM’L Tp =0°C to +70°C 
MIL Ta =—55°C to +125°C 


Vec = 5.0V +5% 
Vec = 5.0V +10% 


MIN. =4.75V MAX. =5.25V 
MIN. =4.50V MAX. =5.50V 


DC CHARACTERISTICS OVER OPERATING RANGE 


Parameters Description 


Output HIGH Voltage 


Test Conditions (Note 1) Min. 


Voc = MIN. MIL, loH = —1.0mA 


Am2919 


Typ. 
(Note 2) 





Vin = Vin oF Vie COM'L, IoH = —2.6mA 





Output LOW Voltage 


Input HIGH Level 


lo. = 4.0mA 
Voc = MIN. one 








Vin = Vin or Vib !OL = 8.0mA 





Guaranteed input logical HIGH 
voltage for all inputs 





Input LOW Level 


Guaranteed input logical LOW 
voltage for all inputs 











Input Clamp Voltage 





Vec = MIN., ling = —18MA 





Input LOW Current 











Vcc = MAX,, Vin = 0.4V 





Input HIGH Current 








Voc = MAX., Vin = 2.7V 





Input HIGH Current. 


Vcc = MAX., Vin = 7.0V 








Off-State (High-Il mpedance) 
Output Current 


Output Short Circuit Current 


(Note 3) 


Power Supply Current 
(Note 4) 





Vo =0.4V 
Vec = MAX. eS 
Vo =2.4V 


Voc = MAX. 














Notes: 1. For conditions shown as MIN. or MAX., use the appropriate vatue specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4 


. Inputs grounded; outputs open. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 
Temperature (Ambient) Under Bias 





—65°C to +150°C 





—55°C to +125°C 





Supply Voltage to Ground Potential Continuous 


—0.5V to +7.0V 





DC Voltage Applied to Outputs for High Output State 


—0.5V to +Vc¢c max. 





DC Input Voltage 





—0.5V to +7.0V 





DC Output Current, Into Outputs 





DC Input Current 


— 30mA 





FUNCTION TABLE 


INTERNAL 





FUNCTION 


Output Three-State Control 


9 


INPUTS 


fe) 
m 
= 
m 


oy, a 
NC 


—30mA to +5.0mA 


OUTPUTS 





Enabled 
Enabled Zz 
Zz Zz 





W; Polarity 





Asynchronous Clear 


Inverting 


Enabled ; Enabled 


Non-Inverting Non-inverting 
Non-Inverting 





Clock Enabled 


Xx 
xX s 
x 
xX 
Xx 
Xx 
Xx 
Xx 
t 
t 
t 
t 
t 


L = LOW H = HIGH 


moe emK|K KKK | K KKK 


Z = High Impedance 





reer zclK KKK |K KKK OM 


IrrTrTrT|er| KK KKK 
meuouexixrejrre|xxx~x 
Peek ee eee ars 
rere rx OC ee SLL 





NC = No Change 
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SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) 


Parameters Description Min. Typ. Max. Units Test Conditions 


Ctock to Y; 








Clock to W; 
(Either Polarity) 
Clear to Yj 











Clear to W; 
















Polarity to W; 





Clear 





LOW 


Clock Pulse Width 
ock Pulse Wi HIGH 











Data 
Data 
Data Enable 
Data Enable 


Set-up Time, Clear 
Recovery (inactive) to Clock 

































Output Enable to W or Y 











Output Enable to W or Y 











Maximum Clock Frequency (Note 1) 


Note 1. Per industry convention, fra x is the worst case value of the maximum device operating frequency with no constraints on ty, t¢, 
pulse width or duty cycle. 














SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Parameters Description 


Ta = 0°C to +70°C 
Voc = 5.0V +5% 
Min. Max. 


Ta = —55°C to +125°C 
Voc = 5.0V +10% 






Units Test Conditions 









Clock to Yj 





‘Clock to W; 
(Either Polarity) 
Clear to Y; 

















Clear to Wj 









Polarity to W; 











Clear 



























LOW 
Clock [ HIGH 
Data lela iad 
Data 
Data Enable 













Data Enable 


Set-up Time, Clear 
Recovery (inactive) to Clock 




















Output Enable to W; or Y; 








Output Enable to W; or Y; 








Maximum Clock Frequency (Note 1) 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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DEFINITION OF FUNCTIONAL TERMS GUARANTEED LOADING RULES 


OVER OPERATING RANGE (In Unit Loads) 


A Low-Power Schottky TTL Unit Load is defined as 20uA measured at 
2.7V HIGH and —0.36mA measured at 0.4V LOW. 

Output Output 
Input HIGH LOW 
Load MIL COM‘'L MIL COM'L 

























Dj Any of the four D flip-flop data lines. 


E Clock Enable. When LOW, the data is entered 
into the register on the next clock LOW-to- 
HIGH transition. When HIGH, the data in the 
register remains unchanged, regardless of the 
data in. 











Pin No.‘s Input/Output 












cP Clock Pulse. Data is entered into the register on 
the LOW-to-HIGH transition. 


OE-W, OE-Y Output Enable. When OE is LOW, the register 
is enable to the output. When HIGH, the out- 
put is in the high-impedance state. The OE-W 
controls the W set of outputs, and OE-Y 
controls the Y set. 




















































O;SODIN | OIA! A wn] a 




























Yj Any of the four non-inverting three-state out- - 
put lines. - 
Wj Any of the four three-state outputs with polarity 
control. 
POL Polarity Control. The W; outputs will be non- 





inverting when POL is LOW, and when it is 
HIGH, the outputs are inverting. 


CLR Asynchronous Clear. When CLR is LOW, the 
internal O flip-flops are reset to LOW. 







































LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 





Metallization and Pad Layout 








DRIVING OUTPUT DRIVEN INPUT 




















D3 




















Y; 6 et walla D2 
abpan ct" 
sy Wo 































DIE SIZE 0.083” X 0.099” 





Note: Actual current flow direction shown. 
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ORDERING INFORMATION 















Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 








Package Type Operating Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 
AM2919PC P-20 Cc C-1 
AM2919DC D-20 Cc C-1 
AM2919DC-B D-20 Cc B-1 
AM2919DM D-20 M C-3 
AM2919DM-B D-20 M B-3 
AM2919FM F-20 M C-3 
AM2919FM-B F-20 M B-3 
AM2919XC Dice c a eee 

: 0 MIL-STD-883 

AM?2919XM Dice M Method 2010B. 





Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 
2. C = 0°C to +70°C, Vor = 4.75V to 5.25V, M = — 55°C to +125°C, Voc = 4.50V to 5.50V. 
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 


APPLICATION 







INSTRUCTION 
REGISTER 











Am2901 
ARRAY 





Am29811 Am2911's 





SOURCE DESTINATION 


The Am2919 provides for easy control of the selection of source and destination register addresses for the 
Am2901. These controls can emanate from both the instruction register and the pipeline register. The control 
is accomplished by three-state action at the Am2919 outputs. Four different register outputs can be selected 
by the B address which is the destination register in the Am2901. Two registers can be selected for the Am2901 
A input which is a second RAM source. 


The other pair of three-state outputs can be used for function control select as shown with the Am2921. Here, 
bit set, bit clear, bit: toggle and bit test on any of the 16 bits can be performed. 


MPR-200 
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Octal D-Type Flip-Flop With Clear, Clock Enable And Three-State Control 


DISTINCTIVE CHARACTERISTICS 


® Buffered common clock enable input 

©@ Buffered common asynchronous clear input 

@ Three-state outputs 

@ 8-bit, high-speed parallel register with positive edge-triggered, 
D-type flip-flops 

100% reliability assurance testing in compliance with MIL- 
STD-883 


LOGIC DIAGRAM 


D9 Dy D2 D3 


CLOCK 
ENABLE 


OUTPUT 
ENABLE 


CONNECTION DIAGRAM 
Top View 


Dg Yg Ys Dg 


D, Y, Yo Dg D3 Y3 


Note: Pin 1is marked for orientation. 


MPR-202 








FUNCTIONAL DESCRIPTION 


The Am2920 is an 8-bit register built using advanced Low- 
Power Schottky technology. The register consists of eight 
D-type flip-flops with a buffered common clock, a buffered 
common clock enable, a buffered asynchronous clear input, 
and three-state outputs. 


When the clear input is LOW, the internal flip-flops of the 
register are reset to logic O (LOW), independent of all other 
inputs. When the clear input is HIGH, the register operates in 
the normal fashion. 


When the three-state output enable (OE) input is LOW, the 
Y outputs are enabled and appear as normal TTL outputs. 
When the output enable (OE) input is HIGH, the Y outputs 
are in the high impedance (three-state) condition. This does 
not affect the internal state of the flip-flop Q output. 


The clock enable input (E) is used to selectively load data 
into the register. When the E input is HIGH, the register will 
retain its current data. When the E is LOW, new data is entered 
into the register on the LOW-to-HIGH transition of the clock 
input. 


This device is packaged in a space-saving (0.4-inch row spacing) 
22-pin package. 
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Y3 Yq Ys 





Vec = Pin 22 


GND = Pin 11 MPR-203 
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ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Ty =0°Ct0+70°C Vec = 5.0V 45% MIN. =4.75V MAX. =5.25V 

MIL Ta =—-55°C to +125°C = Veg = 5.0V 410% MIN. =4.50V MAX. =5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE Typ. 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 



































Voc = MIN. MIL, low = —1.0mA 24 77 ee 
Output HIGH Voltage Vin =V Vv Volts 
IN = VIH OF VEL COM’L, lon = —2.6mA 2.4 3.4 
Vec = MIN lOL = 4.0mA 0.4 a 
Output LOW Voltage Vin =V Vv olts 
eee ee lo, = 8.0mA 0.45 
Input HIGH Level 1 Guaranteed input logical HIGH 2.0 Wiig 


voltage for all inputs 
7 a ab 


Guaranteed input logical LOW MIL 0.7 
Input LOW Level voltage forall inputs cane a Volts 


Input Clamp Voitage Vec = MIN. lin = —18mMA —1.5 Volts 








| 














Input LOW Current Vcc = MAX.,, Vin = 0.4V —0.36 mA 











Input HIGH Currert Vec = MAX.,, Vin = 2.7V 20 HA 





Input HIGH Currert Vec = MAX.,, Vin = 7.0V 0.1 mA 


Off-State (High-I mpedance) Vee = MAX. Vo =04V ~—20 x 


Output Current : Vo =2.4V 20 

Output Short Circuit Current Vec = MAX. 85 mA 

(Note 3) ; 

Power Supply Current = MAX 

(Nate's) Vcc AX. 24 37 mA 
ce Peneeneee 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrica! Characteristics for the applicable device type. 
2. Typical limits are at Vec = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. All outputs open, E = GND, Di inputs = CLR = GE = 4.5V. Apply momentary ground, then 4.5V to clock input. 


























ORDERING INFORMATION 













Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 





Package Type Operating Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 
AM2920PC P-22 Cc C-1 
AM2920DC D-22 C C-1 
AM2920DC-B D-22 Cc B-1 
AM2920DM D-22 M C-3 
AM2920DM-B D-22 M B-3 
AM2920FM F-22 M C-3 
AM2920FM-B F-22 M B-3 
AM2920XC Dice c eee 
AM2920XM Dice M 


Method 2010B. 





Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 
2. C = 0° to +70°C, Voc = 4.75V to 5.25V, M = ~— 55°C to +125°C, Voc = 4.50V to 5.50V. 
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) ; 
a ee 
Storage Temperature 


—65°C to +150°C 
Temperature (Ambient) Under Bias 





—55°C to +125°C 











Supply Voltage to Ground Potential Continuous ~0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State —0.5V to +Vcc max. 
DC Input Voltage —0.5V to +7.0V 





DC Output Current, Into Outputs 30mA 
DC Input Current —30mA to +5.0mMA 





SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) 


Test Conditions 


Parameters Description Min. Typ. Max. Units 











Clock to Yj (OE LOW) 



























| tPHL Clear to Y 
ts Data (Dj) 
rf th Data (Dj) 

[ a Active 
ts : Enable (E) -———— 
ie Inactive 

on Dee — ro Gee 
th Enable (E) 


























SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Parameters Description 











Clear Recovery (In-Active) to Clock 















Note 1. Per industry convention, fray is the worst c 








HIGH 








LOW 








width or duty cycle. 





Am2920PC,DC 












Am2920DM,FM 










Ta =0°C to +70°C 
Vcc = 5.0V + 5% 


Min. Max. 









—55°C to +125°C 
Vcc = 5.0V + 10% 
















ase value of the maximum device operating frequency with no constraints on tr, tf, pulse 


Units Test Conditions 



















































































Clock to Y; (OE LOW) 
tPHL Clear to Y 
ts Data (Dj) 
th Data (Dj) 
a Active 
ty Enable (E) 
Inactive 
th | Enable (E) 
| ts Clear Recovery (In-Active) to Clock 
] HIGH 
tow Clock tow 
Brae 
tow Clear 
; t Rs 
cas a = Y; 
tZL I 
| ¢ a 
= OE to Yj 
tLz 


























*AC performance over the operating temperature range is guaranteed by testing defined in Group A; Subgroup 9. 


fmax 





Maximum Clock Frequency (Note 1) 
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GUARANTEED LOADING RULES 
OVER OPERATING RANGE (In Unit Loads) 


A Low-Power Schottky TTL Unit Load is defined as 20KA measured at 
2.7V HIGH and —0.36mA measured at 0.4V LOW. 


Am2920 


DEFINITION OF FUNCTIONAL TERMS 












D; The D flip-flop data inputs. 


LR When the clear input is LOW, the Q; outputs are 
LOW, regardless of the other inputs. When the 
clear input is HIGH, data can be entered into the 





















































































fealster Output Output 
: Input HIGH LOW 
cP Clock Pulse for the Register; enters data into the Pin No.’s Input/Output} Load MIL COM’L MIL COM'L 
register on the LOW-to-HIGH transition. ; ara , 7 7 = x 
Y¥; The register three-state outputs. 2 Yo = 50 130 22 22 
E Clock Enable. When the clock enable is LOW, 3 Do 1 ~ a - = 
data on the Dj input is transferred to the Qj out- 4 D4 ~T 4 = - _ - 
put on the LOW-to-HIGH clock transition. When 5 Y1 a 50 130 22 22 
the clock enable is HIGH, the Qj outputs do not 6 Y2 = 50 730 22 22 
change state, regardless of the data or clock input 7 Do 1 a = = a 
= transitions. 8 D3 1 = = = = 
OE Output Control. When the OE input is HIGH, 9 Y3 _ 50 130 22 22 
the Y; outputs are in the high impedance state. 10 CP 1 = a = = 





When the OE input is LOW, the TRUE register 
data is present at the Yj outputs. 






























12 Y4 = 50 130 22 22 
13 D4 1 a z a = 
14 Ds 1 - - -_ _ 
15 Y5 = 50 130 22 22 
FUNCTION TABLE 16 Y6 - 50 130 22 22 
17 D6 1 = ies i = 









D7 1 _ = = = 
_ 50 130 22 22 


H 
H 
H 
H 





H = HIGH NC = No Change 
L = LOW t = LOW-to-HIGH Transition 
X = Don't Care Z = High Impedance 






LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


Metallization and Pad Layout 














DRIVING OUTPUT 


\cc-—-_—_——_— 


DRIVEN INPUT 






i 
<a 
a) Fo 
ais | 





mal 











J} 











Note: Actual current flow direction shown. 





eer DIE SIZE 0.080" X 0.111” 
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APPLICATIONS 


16-BIT DATA BUS 
te 


8 8 
Am2920 : Am2920 


8 


8 8 
4 4 
ee: 


12 







PROM ARRAY 
8 8 8 8 
Am25L8273 Am2920 Am2920 
8 - ‘A8 8 
8 
Am2920 Am2920 Am2920 
4 
ere nr ise LL 4 


56-BIT PIPELINE REGISTER 


A typical Computer Control Unit for a microprogrammed machine. 
MPR-205 











ADDRESS 


AmS080A 
DATA 





Am2920 


yi , 






Am8228 Ameee0 


8 


DATA BUS 


ADDRESS BUS 





8 
Am2920 





8 
Am2920 Am2920 


I/O DEVICE #2 


(/O DEVICE #1 








The Am2920 is a useful device in interfacing with the Am9080A system buses. 
MPR-206 
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Am2921 


One-of-Eight Decoder 
With Three-State Outputs And Polarity Control 















DISTINCTIVE CHARACTERISTICS 


@ Three-state decoder outputs 

® Buffered common output polarity control 

@ tnverting and non-inverting enable inputs 

@ AC parameters specified over operating temperature and 
power supply ranges. 

@ 100% reliability assurance testing in compliance with 

MIL-STD-883 


ENABLE: | 


POL 
POLARITY 


9 


OUTPUT 
CONTROL 


fe] 


Eg 


CONNECTION DIAGRAM 
Top View 


Veo Y3 Y4 © €&, Eg Eg Eq POL Y7 





Yo Yy Yo O08; OF, A 8B 


Ys Ye GND 


Note: Pin 1 is marked for orientation. 
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FUNCTIONAL DESCRIPTION 


The Am2921 is a three-line to eight-line decoder/demultiplexer 
fabricated using advanced Low-Power Schottky technology. 
The decoder has three buffered select inputs A, B, and C, 
which are decoded to one-of-eight Y outputs. Two active-HIGH 
and two active-LOW enables can be used for gating the de- 
coder or can be used with incoming data for demultiplexing 
applications. 


A separate polarity (POL) input can be used to force the 


function active-HIGH or active-LOW at the output. Two 
separate active-LOW output enables (OE) inputs are provided. 
lf either OE input is HIGH, the output is in the high impedance 
(off) state. When the POL input is LOW, the Y outputs are 
active-HIGH and when the POL input is HIGH, the Y outputs 
are active-LOW. 


The device is packaged in a space saving (0.3-inch row spacing) 
20-pin package. 





LOGIC DIAGRAM 
One-of-Eight Decoder 


LOGIC SYMBOL 


12 


Y1 Yo Y3 Ya Y5 Ye Y7 


Vcc = Pin 20 
GND = Pin 10 
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ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM'L Tp =0°C to +70°C Voc = 5.0V 45% MIN. =4.75V MAX. = 5.25V 

MIL TA = 58°C to #1258°C = Voc = 5.0V 410%  MIN.=4.50V MAX. =5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE Typ. 

Parameters Description = Test Conditions (Note 1) Min. (Note 2) Max. Units 



























Vec = MIN. 
Vin = Vin or VIL 


1OH = 1.0mA (MIL) 
1oH = —2.6mA {(COM’'L) 












Output HIGH Voltage 











ral 


















] =4.0mA 

Vec = MIN. OL md 
Output LOW Voltage Vin = Vie or ViL : lon =8.0mA 
lop =12mA 








Guaranteed input logical HIGH 
_ voltage for all inputs 


Guaranteed input logical LOW. L MIL 


Input HIGH Level 











Input LOW Level voltage for all inputs 





Input Clamp Voltage Veco = MIN., liq = —18MA * 








Input LOW Current Vec = MAX.,, Vin =0.4V 





Input HIGH Current Vec = MAX,, Vin = 2.7V 








Input HIGH Current Vec = MAX,, Vin = 7.0V 











Off-State (High-Impedance) Voc = MAX. 
Output Current 











Output Short Circuit Current 
(Note 3) 











Vcc = MAX. 








Power Supply Current 
(Note 4) . 






1. For conditions shown as-MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
. . ’ ° : . . 

2. Typical limits are at Voc + 5.0V, 25 C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Test conditions: A =B =C = Ey = £2 = GND: E3 = Eq = POL = OF, = OEn = 4.5V. 


Notes: 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 



































Temperature (Ambient) Under Bias . - —55°C to +125°C 
Supply Voltage to Ground Potential Continuous. , ~ —0.5V to +7.0V 
DC Voltage Applied to Outputs for. High. Output State : —0.5V to +Vec max. 
DC Input Voltage ; —0.5V to +7.0V 
DC Output Current, Into Outputs aie ; 30mA 
DC Input Current ; —30mA to +5.0mA 
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SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) 


Parameters Description Min. Typ. Max. Units Test Conditions 


A,B, Cto Yj; 





Ey, Eg to Yj 








E3, Eq to Yj 











POL to Yj 











E1, OE9 to Yj 











Ey, OE9 ta Yj 













SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 






Am2921PC, DC Am2921DM, FM 

















Ta =0°C to +70°C 
Vcc = 5.0V + 5% 


Ta = —55°C to +125°C 
Vcc = 5.0V + 10% 





Parameters Description Units Test Conditions 





















“AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


LOW-POWER SCHOTTKY INPUT/OUTPUT Metallization and Pad Layout 
CURRENT INTERFACE CONDITIONS 





ORIVING OUTPUT DRIVEN INPUT 














DIE SIZE 0.081" X 0.096” 
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GUARANTEED LOADING RULES 
OVER OPERATING RANGE (In Unit Loads) 


A Low-Power Schottky TTL Unit Load is defined as 20uUA measured at 
2.7V HIGH and —0.36MmA measured at 0.4V LOW. 


DEFINITION OF FUNCTIONAL TERMS 


A, B, C, D The three select inputs to the decoder/de- 
multiplexer. 


Eq, Ea The active LOW enable inputs. A HIGH on 
either the Ey or Ea input forces all decoded 
functions to be disabled. 


E3, Ea The active HIGH enable inputs. A LOW on 
either E3 or Eq inputs forces all the decoded 
functions to be inhibited. 




















Output Output 
Input HIGH LOW 
Pin No.’s Input/Output Load MIL COM’L MIL COM’L 


Yo = 50 130 33 33 


=> 





















































POL Polarity Control. A LOW on the polarity con- 2 Y4 a 50 130 33 
trol input forces the output to the active- HIGH 3 Yo %, 50 130 ao 
state while a HIGH on the polarity control — — a are 
input forces the Y outputs to the active-LOW 4 OF) nO — 
state. __§ OE9 1.0 - 

O£1,0E2 Output Enable. When both the OE, and OE 6 A 1.0 
inputs are LOW, the Y outputs are enabled. If 7 B 1.0 
either OE, or OEg input is HIGH, the Y out- 8 Y5 mn 50 
puts are in the high impedance state. 

: ; 9 Y6 _ 50 
The eight outputs for the decoder/demultiplexer. = 
10 GND ~ _ 
1 Y7 - 50 
12 POL 1.0 _ 
13 Ey 1.0 — 
14 E3 1.0 _ 
15 Eo 1.0 = 
16 Ey 1.0 - 
17 Cc . 1.0 _ 
18 Y4 _ 50 
19 Y3 _ 50 
20 Vcc _ - 


FUNCTION TABLE 


I 
FUNCTION 


- | 


Active-HIGH Output 


2 
vu 
Cc 
3 
wn 


OUTPUTS 


ml 
= 
3 
= 


Dorrrrxrxrl/rrirrererer reirztrzr|Nni|f 


«=| 81 
=*| 8 


ate ie ee en 
[em ae Sande ana a aa at oo 





reermxeKKxKX DOK Ki Kx 


| ees ae, a 
XTITITITIITITITIIrTrIIrTIIrIrTigrt xr x x xm |r xf 





Active-LOW Output 


Loli rr ocr eal eee er xxx KKK RX! O | 


Torrititrrjrttrrztire m0] | 


So. te ee ee ere ee ee re ie 


Perr er me ee ee Poe re er 
| eae Soa ci an i aan a Se ae OR J 


Lae hee eee ee ae ee 


Lorrtoirrrtjyrrerererirere 
Pro PEBTEITITi@ererrrrrerilfrrtririerinn} 


[Per etprPer reer | Petes Le iN 


ii ees ee es es a) Re Ee eee eel ew Olga Tae rex xx xxx fox] | 





{ 


H = HIGH L = LOW X = Don’t Care Z = High Impedance 
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ORDERING INFORMATION 














Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 





Package Type Operating Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 
AM2921PC P-20 Cc C-1 
AM2921DC D-20 c C-1 
AM2921DC-B D-20 c B-1 
AM2921DM D-20 M C-3 
AM2921DM-B D-20 M B-3 
AM2921FM F-20 M C-3 
AM2921FM-B F-20 M B-3 
AM2921XC Dice Cc Visual inspection 
AM2921XM Dice M te MI SYD 86s 

Method 2010B. 





Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 
2. C = O°C to +70°C, Voc = 4.75V to 5.25V, M = — 55°C to +125°C, Voc = 4.50V to 5.50V. 
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 


APPLICATIONS 


FROM 
MICROPROGRAM MEMORY 


POL A B Cc D 





ENABLES 


Am2921 


OUTPUT 
CONTROL 


16-BIT DATA BUS 
















Am2901 
MICROPROCESSOR 
ARRAY 


DATA 
INPUT 
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Two Am2921's can be used to perform a bit set, bit clear, bit toggle or bit test on any of sixteen bits in 
a microprocessor system. Examples of the operations performed are as follows: 





Am2901 Bit Function 





Microprogram 
Control 





16-Bit Field From Am2921 ALU Performed On 











BA POL 123 45 67 8 9 101112131415 | Function Selected Register 
0010000000000 0 0 BIT SET 
000000000001 00 0 BIT TEST 
17743117 03% 713% 73% 7 7 *1~«2 BIT CLEAR 
111% 1919 7111 0% «1 «44°71 ~«' BIT TOGGLE 
0000000001000 0 0 BIT TOGGLE 








Note: Bit test is performed using F = 0 output of Am2901A. 
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Eight Input Multiplexer With Control Register 


DISTINCTIVE CHARACTERISTICS LOGIC DIAGRAM 


High speed eight-input multiplexer 
On-chip Multiplexer Select and Polarity Control Register 
Output polarity contro! for inverting or non-inverting 




























output 
Common register enable 
Asynchronous register clear ME r 

Three-state output for expansion : ct 
AC parameters specified over operating temperature and 20 es sees aoe ee 
power supply ranges. | ee 
100% product assurance testing to MIL-STD-883 Di Pf 
requirements PaREzS 
D2 ee aes See a lk 
FUNCTIONAL DESCRIPTION Banse=- 
es P| 
The Am2922 is an eight-input Multiplexer with Contro! EPaet= 
Register. The device features high speed from clock to output D4 p—}_f 
and is intended for use in high speed computer control units aa ied al 
or structured state machine designs. i eeeEz= 
; : E ; crm ioe ae eS 

The Am2922 contains an internal register which holds the A, Pe tele 

B an multiplexer i | POL (Polarit r— 
and C tiplexer select lines as well as the (Polarity) - ee oe 






control bit. When the Register Enable input (RE) is LOW, new 
data is entered into the register on the LOW- to- HIGH, transi- 
tion of the clock. When RE is HIGH, the register retains its Dy 
current data. An asynchronous clear input (CLR) is used to 
reset the register to a logic LOW level. 


The A, Band C register outputs select one of eight multiplexer 
data inputs. A HIGH on the Polarity Control flip-flop output 
causes a true (non-inverting) multiplexer output, and a LOW 
causes the output to be inverted. In a computer control unit, 
this allows testing of either true or complemented flag data at 
the microprogram sequencer test input. 


An active LOW Multiplexer Enable input (ME) allows the se- 
lected multiplexer input to be passed to the output. When ME 
is HIGH, the output is determined only by the Polarity Control 
bit. 


The Am2922 also features a three-state Output Enable control qj RE 
(OE) for expansion. When OE is LOW, the output is enabled. c B A POL 
When OE is HIGH, the output is in the high impedance state. 
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CONNECTION DIAGRAM _.. . LOGIC SYMBOL 
Top View 


1 19 18 17 14 13:12:11 
Dg Dg Dg Dy 


Dg Dy Dz Dg Dg Dg Dg Dy | 


ow oo rN 


cp CLR POL GND 





: Vec = Pin 20 
Note: Pin 1 is marked for orientation... GND = Pin 10 
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ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM'L Tp =0°C to +70°C Vcc = 5.0V +5% MIN. =4.75V MAX. =5.25V 

MIL Ta =—55°C to+128°C Veco =5.0V 410% MIN.=4.50V MAX. =5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE Typ. 
Parameters Description ~ Test Conditions (Note 1) in. (Note 2) 





Vec = MIN. 
Vin = Vin or VIL COM'L, Igy = —6.5mA 
loL =4.0mA 





Output HIGH Voltage 








Vec = MIN. 
VIN = Vin or Vit 





Output LOW Voltage lot =8.0mA 











Guaranteed input logical HIGH 


Input HIGH Level ; 
voltage for all inputs 











Guaranteed input logical LOW 
voltage for all inputs 


input LOW Level 





Input Clamp Voltage Vec = MIN, Ipy = —18MmA 





Vcc = MAX., 


Input LOW Current Vin =0.4V 





Input HIGH Current 
On, A, B,C, POL, CP, CLR 


ME, OF, RE 








Input HIGH Current 





Off-State (High-Impedance) 
Output Current 


Output Short Circuit Current 
(Note 3) 








Power Supply Current 
(Note 4) 


Notes: 1, For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
. Typical timits are at Vec = 5.0V, 25°C ambient and maximum loading. 

. Not more than one output should be shorted at a time, Duration of the short circuit test should not exceed one second. 

- Dy, A, B, C, POL, ME at Gnd. All other inputs and outputs open. Measured after a momentary ground then 4.5V applied to clock input. 


BROWN 


MAXIMUM RATINGS (Above which the useful life may be impaired) 












































Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias” _ —65°C to +125°C 
Supply Voltage to Ground Potential Continuous - nt i i ess . —0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State —_ — —0.5V to +Vcc max. 
DC Input Voltage Frere © ay we ge OO ; = —0.5V to +5.5V 
DC Output Current, Into Outputs eee el eo te 30mA 
DC Input Current ee een Pb a ee ~ =30mA to +5.0mA 
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SWITCHING CHARACTERISTIC’ 
(Ta = +25°C, Vcc = 5.0V) 


Parameters Description Min. Typ. Max. Units Test Conditions 


Clock to Y POL — LOW 





Clock to Y POL — HIGH 











Dy, to Y 








CLR to Y 





ME to Y 

















A, B, C, POL 


CE 
CLR Recovery 


Clear (LOW) 
A, B, C, POL, CE 















SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* steal che 
Ta = 0°C to +70°C 
Voc = 5.0V +5% 
Description Min. Max. 


Ta = —55°C to +125°C 
Vcc = 5.0V +10% 
Test Conditions 
































































Parameters 
t 4 
head Clock to Y, POL-L ee : 
SPH ee 
t 2 
Clock to Y, POL-H ed 9 
i 
19 
Dn to Y 
ee 
ee ee 
CLR to Y 
teLy ME to Y up| 22 
tH cae 
: 19 
a = 
OE te Y a 
[ tuz | a 
A.B, CPOL ied 
a 
CLR Recovery ‘i 
Clock 
Clear (LOW) ea = i 
[mm | A.B.C, POL, cE [kabel 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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DEFINITION OF FUNCTIONAL TERMS 
A,8,C Multiplexer Select Lines. One of eight multiplexer CL. Clear. A LOW asynchronously resets the Multiplexer 
data inputs is selected by the A, B and C register Select and Polarity Control Register. 
outputs. 























D1-D Data Inputs to the 8-input multiplexer. 
1%8 


POL Polarity Control Bit. A HIGH register output causes 
a true (non-inverted) output and a LOW causes the CP Clock Pulse. When RE is LOW, the Multiplexer 
output to be inverted. Select and Polarity Control Register changes state 
ME Multiplexer Enable. When LOW, it enabled the on the LOW-to-HIGH transition of CP. 


8-input multiplexer. When HIGH, the Y output is 


determined by only the Polarity Control bit. OE Output Enable. When LOW, the output is enabled. 
os : ; When HIGH, the output is in the high impedance 
RE Register Enable. When LOW, the Multiplexer Select state 

and Polarity Control Register is enabled for loading. ; 

When HIGH, the register holds its current data. Y The chip output. 








FUNCTION TABLE 





INPUTS INTERNAL INPUTS | OUTPUT 
POL RE 


MODE 











Xx 
















Reg. Disable 





Select 
(Multiplex) 


x[rzzzrrer| x|/-—x|o 


S| 2a eae 
Ee eae 


Multiplexer 


Disable 
Tri-state 
Output 
Disable 


Se) SE EL Sy a a 
SS fa Se OE 
<x) Dor ee re le 











x< 
x< 
x< 


NC = No Change Note 1: The output will follow the selected input, Dj, or its 


xX = Don't Care complement depending on the state of the POL flip-flop. 


ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 








Package Type Operating Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 
AM2922PC P-20 C C4 
AM2922DC D-20 Cc C1 
AM2922DC-B D-20 Cc B-1 
AM2922DM D-20 M C-3 
AM2922DM-B : D-20 M B-3 
AM2922FM F-20 M C-3 
AM2922FM-B F-20 M B-3 
AM2922XC Dice c Visual inspection 
AM2922XM Dice M to MIL-STD-883 

Method 2010B. 








Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 
2. C = 0°C to +70°C, Vec = 4.75V to 5.25V, M = — 55°C to +125°C, Voc = 4.50V to 5.50V. 
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 
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LOW-POWER SCHOTTKY !INPUT/OUTPUT Metallization and Pad Layout 
CURRENT INTERFACE CONDITIONS 





cP 





DRIVING OUTPUT DRIVEN OUTPUT 


GND 

















Note: Actual current flow direction shown. DIE SIZE 0.080” X 0.099” 
MPR-215 


APPLICATION 


INSTRUCTION 
INPUTS 
FROM PIPELINE 
REGISTER 
Am2910 
Yi 
12 
cc 


TEST 
INPUTS 








MICROPROGRAM 
MEMORY 






OUTPUTS 





Dg 







Dy 





Am25LS175 
PIPELINE REGISTER 









Qq Oy 





Q, 


oN @ me wWORN oO 
>woawal | 





RB nto e 
Am2922 | 
| 





ec A ee, 


Am2923 


Eight-Input Multiplexer 








Distinctive Characteristics 


@ Advanced Schottky technology e 3-state output for bus organized systems 
® Switches one of eight inputs to two complementary @ 100% reliability assurance testing in compliance with 
outputs MIL-STD-883 
























FUNCTIONAL DESCRIPTION LOGIC DIAGRAM 


The Am2923 is an 8-input multiplexer that switches one of eight 
inputs onto the inverting and non-inverting outputs under the 
control of a 3-bit select code. The inverting output is one gate 
delay faster than the non-inverting output. 


The Am2923 features a 3-state output for data bus organization. 
The active-LOW strobe, or “output control” applies to both the 
inverting and non-inverting output. When the output_control is 
HIGH, the outputs are in the high-impedance state. When the 
output control is LOW, the active pull-up output is enabled. 


ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired 
package, temperature rarge and screening level. 








Package Operating Screening 
Type Range Level 
Order Number (Note 1) (Note 2) (Note 3) 
AM2923PC P-16-4 Cc C-1 
AM2923DC D-16-1 Cc C-1 
AM2923DC-B D-16-1 Cc B-1 
AM2923DM D-16-1 M C-3 
AM2923DN-B D-16-1 M B-3 
AM2923FM F-16-1 M C-3 
AM2923FN-B F-16-1 M B-3 
AM2923XC Dice Cc Visual inspection 
Am2923XM Dice M lO MIPS TE E6e 
Method 2010B. 
Notes: 


1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following 
letter is number of leacls. See Appendix B for detailed outline. Where 
Appendix B contains several dash numbers, any of the variations of 
the package may be used unless otherwise specified. 

2. C = 0 to 70°C, Vec = 4.75V to 5.25V, M = —55 to +125°C, 
Vec = 4.50 to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform 
to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 

Class B. 


BLI-069 


CONNECTION DIAGRAM 
Top View 


Dg 97 
Do Dy D2 Dg Dqa Dg Dg D7 


Am2923 





BLI-070 
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MAXIMUM RATINGS (Above which the useful life may be impaired). 























Storage Temperature —65°C to +150°C 
eee 85 t+ 150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to + Voc max. 
a EE TOE MMIDUL tate wy tof vce: Max, 
DC Input Voltage —0.5V to +5.5V 
DC Output Current, Into Output 30mA 
a ee 
DC Input Current ; —30mA to +5.0mA 
ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) — 
Am2923PC, DC, XC Ta =0 to 70°C Voc = 5.0V +5% (COM’L) MIN =4.75V MAX = 5.25V 
Am2923DM, FM, XM Ta = ~55 to +125°C Vec = 5.0V +10% (MIL) MIN = 4.5V MAX = 5.5V 
Typ 
Parameters Description Test Conditions (Note 1) Min (Note 2) Max Units 
MIL = lon = —2mA 3.4 
Vou Output HIGH Voltage [MIL | Veg = MIN, on sc oals Volts 
Vin = Vin Or Vin | loy = -6.5mA 32, | | 
Voc = MIN, Ilo, = 20mA 
V, Output LOW Voltage cc * OL Volts 
Vi input HIGH Level Guaranteed input logical HIGH Volts 


voitage for all inputs 





Guaranteed input logical LOW 
voltage for all inputs 


Input Clamp Voltage Voc = MIN, liq = —18MA 


lie Unit Load = _ 
(Note 3) input LOW Current Voc = MAX, Vin = 0.5 
lin Unit Load ae - 
(Note 3) | Input HIGH Current Voc = MAX, Vin = 2.7 


bd 
ror) 


Input LOW Level Volts 






Volts 


















ft) [Input HIGH Current Voc = MAX, Vin = 5.5V A 
lo(off) Off-State (High-Impedance) Voc = MAX, Vo = 2.4V A 
° Output Current Vin = Vin or Vip Vo = 0.5V - 

Output Short Circuit Current 
loc Power Supply Current Voc = MAX (Note 5) 85 mA 
Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type. 


1 
2. Typical limits are at Veg = 5.0V, 25°C ambient and maximum loading. 

3, Actual input currents = Unit Load Current x Input Load Factor (see Loading Rules). 

4. Not more than one output should be shorted at a time. Duration of the. short circuit test should not exceed one second. 
5. coc is measured with all outputs open and all inputs at 4.5V. 


SWITCHING CHARACTERISTICS (T, = 25°C) 
Parameters Description Test Conditions Min Typ Max Units 


A, B, or C to Y; 4 Levels of Delay 





A, B, or C to W; 3 Levels of Delay 











Voc = 5.0V, RL = 2800, Cy = 15pF 
Any D to Y 





Output Enable to Y 





Vec = 5.0V, Ry = 2800, C, = 15pF 
Output Enable to W 


Output Enable to Y 








Voc = 5.0V, RL = 2800, Cy = 5pF 


Output Enable to W 
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FUNCTION TABLE 
INPUTS 


~ SELECT 
B 


OUTPUTS 













Cutput_ Control 
Ss 


ie) 





ZTrartmrrereer x 





= 
rrearrirtmrrte xk P 


Trrereitirre x 
Core eee ees 





X = Don’t Care 
Z = High Impedance 


H = HIGH 
L = LOW 


Do-D7z =The output will follow the HIGH-level or LOW-level of 
the selected input. 


Do-D7 =The output will follow the complement of the HIGH- 
level or LOW-level of the selected input. 


DEFINITION OF FUNCTIONAL TERMS 





A,B,C The three select inputs of the multiplexer. 
Do, D1, D2, D3, 
D4, D5, D6, D7 
Y The true multiplexer output. 

W The complement multip'exer output. 


The eight data inputs of the multiplexer. 


S$ Output Control. HIGH on the output control (or strobe) 
forces both the W and Y outputs to the high-impedance (off) 
state. 








LOADING RULES (In Unit Loads) 





















































Fan-out 
Input Qutput Output 
Input/Output Pin No.’s Unit Load HIGH LOW 
D3 1 1 _ ~ 
> 2 1 ae aes 
oe eee a - : 
Do 4 a = = 
—¥ i aa 20 10 
Ww “6 - 20 10 
er ar 1 _ e2 
GND 8 oa = = 
c 9 1 = = 
a 10 ar etre 
a 44 1 ‘ = 
D7 _ 12 1 o ” 
: Ds 43° 4 =. a 
Ds oa ac cena ol see - 
ees —s nena 
a ae 7 aan : — = 


A Schottky TTL Unit Load is defined as SOWA measured at 
2.7V HIGH and —2.0mA measured at 0.5V LOW. 





Vec 





SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT 







Note: Actual current flow direction shown. 


DRIVEN INPUT 


UNIT LOAD 
2.8k2 NOM 


BLI-072 













Am2923 









APPLICATIONS 


LOGIC FUNCTION GENERATION 


Voc 





Do 04 





Do D3 Dq Dg Dg 





Am2923 


Z = ABCD + ABCD + ACD + AB + ACD + BCD 








BLI-073 
INPUTS 
1G eveene scenes oveneceener 23 DA ones seeenecccenennenee 31 
ENABLE igi g pS a 
52 
wes 
=i 
va 
we OC 
n Do 01 Dz D3 D4 0g Dg 07 S 0p Dy Dy D3 04 Dg 0g Dy 'S Do Dy Oz Dz D4 Og 06 07 
‘0 A A A 
AY |_| a Am2923 8 Am2923 Am2923 Am2923 
Ad 8-INPUT MULTIPLEXER cS INPUT MULTIPLEXER 8-INPUT MULTIPLEXER 8-INPUT MULTIPLEXER 
A3 W Y w Y 
Aq 





MULTIPLEXER OUTPUT MULTIPLEXER OUTPUT 


BLI-074 


Metallization and Pad Layout 





DIE SIZE: 0.064” X 0.067” 
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3-Line to 8-Line Decoder/Demultiplexer 








Distinctive Characteristics 


e Advanced Schottky technology @ 100% reliability assurance testing in compliance with 
@ inverting and non-inverting enable inputs MIL-STD-883 


FUNCTIONAL DESCRIPTION LOGIC DIAGRAM 


The Am2924 is a 3-line to 8-line decoder/demultiplexer fabricated 
using advanced Schottky technology. The decoder has three 
buffered select inputs A, B and C that are decoded to one of eight 
Y outputs. 


One active-HIGH and two active-LOW enables can be used for 
gating the decoder or can be used with incoming data for demul- 
tiplexing applications. When the enable input function is in the 
disable state, all eight Y outputs are HIGH regardless of the A, B 
and C select inputs. 


ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired 
package, temperature range and screening level. 


Package Operating Screening 
Type Range Level 
Order Number (Note 1) (Note 2) (Note 3) 


AM2924PC P-16-1 C-1 
AM2924DC D-16-1 C-1 
AM2924DC-B D-16-1 B-1 
AM2924DM D-16-1 C-3 
AM2924DN-B D-16-1 B-3 
AM2924FM F-16-1 C-3 
AM2924FM-B F-16-1 B-3 


AM2924XC Dice 
AM2924XM Dice 


to MIL-STD-883 
Method 2010B. 


=£O0O 28522000 


Visual inspection 


Notes: 

1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following 
letter is number of leads. See: Appendix B for detailed outline. Where 
Appendix B contains several dash numbers, any of the variations of 
the package may be used unless otherwise specified. 

. C = Oto 70°C, Veg = 4.75V to 5.25V, M = —55 to + 128°C, Voc = 
4.50V to 5.50V. : 

. See Appendix A for details of screening. Levels C-1 and C-3 conform 
to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883 


Class B. 
BLI-075 


CONNECTION DIAGRAM LOGIC SYMBOL 
Top View 


Am2924 


Yo Y3 Yq Ys Ye Y?7 


A BC G2A G2B Gi Y7 GND 
Vcc = Pin 16 
Note: Pin 1 is marked for orientation. : GND = Pin8 
BLI-076 BLI-077 





2-234 


Am2924 
MAXIMUM RATINGS (Above which the useful life may be impaired) 
































Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +VCC max. 
DC Input Voltage —0.5V to +5.5V 
DC Output Current, Into Outputs 30mA 
DC Input Current —30mA to +5.0mA 





ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am2924PC, DC, XC Ta = O°C to +70°C Vcc = 5.0V +5% (COM'L) MIN. = 4.75V “MAX, = 5.25V 
Am2924DM, FM, XM Ta =—-58°C to +125°C Vec = 5.0V £10% (MIL) MIN. = 4.5V MAX. = 5.5V 
; : ; Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 









Vec=MIN., lon =—1ImA | MIL 2.5 3.4 
VoH Output HIGH Voltage ; 
VIN = Vin oF VEL COM’L 2.7 3.4 


Voc = MIN., lot = 20mA 
Vin = Vin or Vib 


Vin Input HIGH Level Guaranteed input logical HIGH 2.0 
voltage for all inputs 


Guaranteed input logical LOW 
tapas DOW Covel voltage for all inputs 


V| Input Clamp Voltage Vcc = MIN,, lyn = —18MA 


VIL 
Me 7 s 
Input LOW Current Vcc = MAX., Vin = 0.5V 








VoL Output LOW Voltage 





Input HIGH Current Vcc = MAX., Vin = 2.7V 








Input HIGH Current Voc = MAX., Viy = 5.5V 














Output Short Circuit Current = 
Isc (Note 4) Vcc = MAX., VouT = 0.0V 
lec Power Supply Current Vcc = MAX. (Note: 5) 49 











Notes: 1. For conditions shown as MIN, or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vcc = 5.0 V, 25°C ambient and maximum loading. 
3. Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 
4. .Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
5. Outputs enabled and open. 


Switching Characteristics (Ta = +25°C) 








































Parameters Description Test Conditions Min. Typ. Max. Units 
Two Level! Delay 
Select to Output 
Three Level Delay 
Select to Output 
e Vcc = 5V, CL = 15pF, Ry = 2802 
G2A or G2B 
tPL 
Gi to Output 
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FUNCTION TABLE LOADING RULES (in Unit Loads) 






























Fan-out 
Output Output 
Outputs Input/Output Pin No.’s Unit Load HIGH LOW 
Yo Vi V2 V3 Va A | = - 
B 2 1 - - 
L x x Xx X H H H H H H HH rs z ; 
x H x XX H H H H H H H 4H 
x x H XX/ H H H H H H HH G2A 2 ! ts = 
HL L Ltel t H H HH eH H HH G28 5 1 = = 
H L L LH H t H H H H HH Gi 6 1 > - 
H L L: HL H H tL H H H H H YZ 7 _ 20 10 
H L L HH H H H LH H H 4H GND 8 = _ oe 
H L L LL H H HH H LC eH H H Vo 9 = 20 10 
H L H = 
L Ls H H H H H LE HH Ye fa = 30 10 
H L L HL H H H H H H L4H 
Va" 1 _ 20 10 
H L L HH H H H H H H HL eee ee ey 
Y3 12 ~ 20 10 
H = HIGH 
L= LOW Yo 13 - 20 10 
X = Don’t care VY 14 ~ 20 10 
Yo 15 = 20 10 
Vec 16 _ ~ - 
A Schottky TTL Unit Load is defined as 50uA measured at 2.7V HIGH 
and —2.0mA measured at 0.5V LOW, 
DEFINITION OF FUNCTIONAL TERMS: SCHOTTKY INPUT/OUTPUT 


A, B,C Select. The three select inputs to the decoder. CURRENT INTERFACE CONDITIONS 


G1 The active-HIGH enable input. A LOW on the G1 in- 

put forces all Y outputs HIGH regardless of any other 

inputs. Voc 
G2A, G2B The active-LOW enable input. A HIGH on 

either the G2A or G2B input forces all Y outputs HIGH 

regardless of any other inputs. 

Yo. Y1, Yo, Y3, Ya, Ys, Ye, Y7 The eight decoder outputs. 


DRIVING OUTPUT DRIVEN INPUT 






UNIT LOAD 
2.8k2 NOM 





Note: Actual current flow direction shown. 


BLI-078 
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APPLICATION 








So 

Sy 

Sg 

SELECT 

83 
DECODE 
DATA OUTPUT 

DATA 
H 
H=HIGH 


ONE-OF-SIXTEEN DEMULTIPLEXER 


BLI-079 


Metallization and Pad Layout 





om & w 





DIE SIZE 0.065’°X0.070” 
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System Clock Generator and Driver 


ADVANCED INFORMATION 










DISTINCTIVE CHARACTERISTICS 


@ Single chip clock generator and driver 

@ Four different clock output waveforms for Am2900 and other 
bipolar and MOS systems 

® Crystal controlled for stable system operation 

® Oscillator to 31MHz — oscillator output for external system 
timing 

@ Clock halt, single-step and wait controls 

@ Variable cycle lengths — 1 of 8 different cycle lengths may be 
programmed 

®@ Slim 0.3” 24-pin package 

@ 100% product assurance screening to MIL-STD-883 

requirements 


FUNCTIONAL DESCRIPTION 


The Am2925 is a single-chip general purpose clock generator/ 
driver. Itis controlled by a crystal, selected by the designer, andis 
microprogrammable to meet a variety of system speed require- 
ments. The Am2925 generates four different clock output 
waveforms tailored to meet the needs of Am2900 and other 
bipolar and MOS microprocessor based systems. Also, variable 
cycle lengths may be generated under microprogram control. 
One of eight different cycle lengths may be microprogrammed 
using the Cycle Length inputs L,, Lz, and Lg. 






































The Am2925 oscillator runs at frequencies up to 31MHz. A buf- 
fered oscillator output is provided for external system timing. 










Clock halt, single-step and wait controls are provided for the 
Am2925. The HALT REQ input halts the clocks; the clocks re- 
sume when the HALT REQ input is deactivated. The SINGLE- 
STEP input, which operates only when the clocks are halted, 
generates the clocks for a single cycle. The WAIT REQ input 
stops the clocks and puts the Am2925 in a “wait” state. In this 
state, the clocks remain stopped unti! an asynchronous READY 
input signal is received. The WAIT ACK output indicates when the 
Am2925 is in the “wait” state. The WAIT REQ and READY inputs 
are pulse sensitive and are overridden by the HALT REQ input. 





LOGIC DIAGRAM 







OSCILLATOR 




















4-BIT 
COUNTER 





CRYSTAL OSCILLATOR 

















One of eight cycle lengths may be microprogrammed using the 
L,, Lg, and L inputs. There are four clock output waveforms for 
each of the 8 possible cycle lengths. 










4c 


CYCLE 
LENGTH ) -2> 







3c 





LOGIC SYMBOL 












INITIALIZE 








HALT 





CLOCK 
CONTROL 





SINGLE STEP 










WAIT REG 










READY 











WAIT ACK x X2 





cx 





OSCILLATOR 
FIRST/LAST WAIT ACK 
HALT, N.O. 

HALT, N.C. 
SINGLE STEP, N.O. 
SINGLE STEP, N.C. 









FIRST/LAST 










MPR-217 







CONNECTION DIAGRAM 
Top View 









Cc. 
CLOCKS 
Cc. 


24 23 22 21 20 19 18 17 16 #15 #14 «+13 











LENGTH 








MPR-218 


The Am2925 is scheduled for introduction in 2Q ’80. 
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Note: Pin 1 is marked for orientation. MPR-219 






Am2926 « Am2929 | 


Schottky Three-State Quad Bus Driver/Receiver 








Distinctive Characteristics 


e Advanced Schottky technology e Driver propagation delay — 14ns max for Am2926; 17ns 
@ 48mA driver sink current , max for Am2929 

@ 3-state outputs on driver and receiver e@ Receiver propagation delay — 14ns max for Am2926; 

© PNP inputs 17ns max for Am2929 

@ Am2926 has inverting outputs © a . @ 100% reliability assurance testing in compliance with 

@ Am2929 has non-inverting outputs MIL-STD-883 








FUNCTIONAL DESCRIPTION LOGIC SYMBOL 


The Am2926 and Am2929 are high speed bus transceivers 
consisting of four bus drivers with three-state outputs and 
four bus receivers, also with three-state outputs. Each driver 
output is internally connected to a receiver input. Both the 
drivers and receivers have PNP inputs. 


One buffered common “bus enable” input is. connected to 
the four drivers and another buffered common “receiver 
enable” input is connected to the receivers. A LOW on the 
bus enable (B/E) input forces the four driver outputs to the 
high-impedance state. A HIGH on the bus-enable allows 
input data to be transferred onto the data bus. 


A HIGH on the receiver enable (R/E) input forces the four 

receiver outputs to the high-impedance state while a LOW 

on the receiver enable input allows the received data to be 

transferred to the output. The complementary design of the 

bus enable and receiver enable inputs allows these control Voc = Pin 16 
inputs to be connected together externally such that a single GND =Pin8 
transmit/receive function is derived. 





BLI-136 





~ LOGIC DIAGRAMS 


Am2926 : Am2929 
Inverting Output (3-State) * Non-Inverting Output (3-State) 
Do’ D, Do Dg Do D, Dy D3 


a ot wo ol 
nN = oO 


w 
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. CONNECTION DIAGRAM 
Top View 


Voc B/E Rg Bg Dg Rg By Dz 


14 #13 #12 «21 


Am2826 e Am2829 





R/E Rg, Bp Do Ry By Dy GND 


BLI-081 
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Am2926 « Am2929 
MAXIMUM RATINGS (Above which the useful life may be impaired) 








Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7V 
DC Voltage Applied to Outputs for HIGH Output State oe —0.5V to +Vcec max. 
DC Input Voltage —0.5V to +5.5V 
DC Output Current, Into Outputs (Receiver) 30mA 
DC Output Current, Into Outputs (BUS) 80mA 
DC Input Current —30mA to +5.0mA 





ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
The Following Conditions Apply Unless Otherwise Noted: 
Am2926PC, DC, XC Am2929PC, DC, XC Ty = O0°C to +75°C(COM’L) MIN. =4.75V MAX. =5.25V 





Am2929DM, XM Am2926DM, XM Ta = -55°C to +125°C(MIL) MIN. =4.50V MAX. =5.50V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE Typ: 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 
Driver 


Low Level Input Current VIN =0.4V 

Low Level Input Current (Disabled) 
High Level Input Current (Diy, De) VIN = VooMAx. 

Low Level Output Voltage a. 
High Level Output Voltage 
Short Circuit Output Current 


Low Level Input Current 





High Level Input Current (Re) Vin = Voc MAX. 


Low Level Output Voltage 7 lout =  20mA (Note 5) 
IOUT = -—100uA, Vec = 5.0V 
loUT = —2.0mA (Note 6) 
VOUT = =0V, Vc Voc = VecMAX. 


Low Level Input Threshold Voltage 





High Level Input Threshold Voltage 





Low Level Output Off Leakage Current 





High Level Output Off Leakage Current VouT =2.4V 








Input Clamp Voltage lin = —12mA . —1.0 
Am2926 | Vcc = VccMAX. 457/87 
Power/Current Consumption 
Am2929 Vcc = Vec MAX. 578/110 








Switching Characteristics (Ta = +25°C, Vcc = 5.0V) : Am2926 Am2929 
Parameters Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units 





Driver Input to Bus Figure 1 





Bus to Receiver Output Figure 2 











Driver Enable to Bus Figure 3 





Receiver Enable to 


Fi 
Receiver Output igure.4 





Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 
4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
5. Output sink current is supplied-through a resistor to Vec: 
6. Measurements apply to each output and the associated data input independently. 
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DEFINITION OF FUNCTIONAL TERMS 

Do, Dy, D2, D3 The four driver inputs. 

Bo, B1, Bz, Bg The four driver outputs and receiver inputs 
(data is inverted). 

Ro, Ri, R2,R3 The four receiver outputs. Data from the 
bus is inverted while data from the driver inputs is non- 
inverted, 

B/E Bus enable input. When the bus enable input is LOW, 
the four driver outputs are in the high-impedance state. 

R/E Receiver enable input. When the réceiver enable input 
is HIGH, the four receiver outputs are in the high-impedance 
state. 


DRIVER FUNCTION TABLE 


Am2926 
OUTPUT 





L = LOW X = Don't Care 
Z = High Impedance 
i=0,1,2,o0r3 


INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 


BUS DRIVER 
OUTPUT 





| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


RECEIVER 


Am2926 « Am2929 


~ LOADING RULES (In Unit Loads) 






LOW Fan-out 
Input Output Output 
Input/Output Pin No.’s Unit Load HIGH LOW 






























































R/E 1 1/8 - 
Ro 2 - 50 
“Bo” 3 1/16 250 
Do 4 1/8 _ 
Ry 5 - ~~ +60 
“Br 6 1/16 250 
D1 7 1/8 _ 
GND 8 - - 
D2 9 1/8 - 
 B 10 1/16 250 
Ro 11 Ss 50 
D3 {2 1/8 - 
B3 13 1/16 250 
R3 14 _ 50 
B/E 15 1/8 Se 
Vcc 16 a - 


A TTL Unit Load is defined as —1.6mA measured at 0.4V LOW 
and 40uA measured at 2.4V HIGH, 


RECEIVER FUNCTION TABLE 


Am2929 
OUTPUT | 


Am2926 
OUTPUT 


L = LOW X = Don't Care 
H = HIGH Z = High Impedance 
i=0,1,2,or3 


ALL INPUTS 


Note: Actual current flow direction shown. BLI-082 





Am2926 * Am2929 


AC TEST CIRCUITS AND WAVEFORMS 
PROPAGATION DELAY (Data In to Bus) 


2.6V 


INPUT 1.5V 1.5V 


ee eee 


OUTPUT 1.5V 1,.5V 
PULSE 
GENERATOR 


INPUT PULSE: 

t, = te = 5ns (10% to 90%) 

freq = 10MHz (50% duty cycle} 
Amplitude = 2.6V 


Figure 1 


PROPAGATION DELAY (Bus to Receiver Out) 


INPUT # 1.5V Kos 
PULSE | 


GENERATOR tPHL ma tpl 


OUTPUT * 1.5V # 1.5V 


INPUT PULSE: 

t, = tp = 5ns (10% to 90%) 

freq = 10MHz (50% duty cycle) 
Amplitude = 2.6V 


Figure 2 


PROPAGATION DELAY (Bus Enable to Bus Output) 


INPUT 1.5V 1.5V 


ane ae Sl io "Lz 
OUTPUT 1.8V 
10% 


INPUT PULSE: 

t, = te = Sms (10% to 90%} 
freq = 5MHz (50% duty cycle) 
Amplitude = 2.6V 


GENERATOR 


300pF 





Figure 3 eEnee 


PROPAGATION DELAY- (Receive Enable to Receive Output) 


INPUT # 1.5V % 1,.5V 
10% 


PULSE tLz Ta 


GENERATOR ff 
OUTPUT f * 


INPUT PULSE 

t, = tp = 5s (10% to 90%) 
freq = 5MHz (50% duty cycle) 
Amplitude = 2.6V 


Figure 4 . 
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Am2926 « Am2929 





APPLICATION 












4-BIT BUS 
TO OTHER 
Am2926's 








sida Am2926 
B/E RE 
H = TRANSMIT H = TRANSMIT 
L= RECEIVE L = RECEIVE 
ORDERING INFORMATION 
Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 
Am2926 Am2929 Package Type Operating Range Screening Level 
Order Number Order Number (Note 1) (Note 2) (Note 3) 
AM2929PC AM2929PC P-16-1 Cc C-1 
AM2929DC AM2929DC D-16-1 Cc C-1 
AM2929DC-B AM2929DC-B D-16-1 Cc B-1 
AM2926DM D-16-1 M C-3 
AM2926DM-B D-16-1 M B-3 
AM2926XC AM2929XC Dice C Metal iiereguel 
AM2926XM Dice M -to MIL-STD-883 
. Method 2010 B. 
Notes: 


1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. Where Appendix B 
contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 

2. C = 0to 70°C, Vcc = 4.75V to 5.25V, M = --55 to + 125°C, Voc = 4.50V to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, Class B. 


Metallization and Pad Layouts 


Am2926 Am2929 




















Voc 
R/E B/E RE 
Ro = R3 Ro 
ate 
.s B B 
Bg aa 3 0 
°9 ae °3 °0 
Ry leg = Ro Ry 
die ih : i 
: f Us : ; 
0; Do Dy 
GND GND 
DIE SIZE 0.058" X 0.091" DIE SIZE 0.058"' X 0.091" 
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Am2927 e 


Am2928 


Quad Three-State Bus Transceivers With Clock Enable 


DISTINCTIVE CHARACTERISTICS 


Quad high-speed LSI bus-transceivers 

Three-state bus driver and receiver outputs 

D-type register on drivers. 

Latch output on Am2927 

Registered output on Am2928 

Output data to input wrap) around gating 

Input register to output transfer gating with or without 
driving data bus 


Clock enabled registers 

Bus driver outputs can sink 48mA at 0.5V max. 
Three-state receiver outputs sink 20mA at 0.5V max. 
3.5V minimum Voy, for direct interface to MOS 
microprocessors 

@ Advanced low-power Schottky processing 

@ 100% reliability assurance testing in compliance with 
MIL-STD-883 


FUNCTIONAL DESCRIPTION 


The Am2927 and Am2928 are high-performance, !ow-power 
Schottky, quad bus transceivers intended for use in bipolar or 
MOS microprocessor system applications. 


Both devices feature register enable lines which function as 
clock enables without introducing gate delay in the clock inputs. 
The four transceivers share common enables, clock, select and 
three-state control lines. 


The Am2927 consists of four D-type edge-triggered flip-flops. 
Each flip-flop output is connected to a three-state data bus driver 
and separately to the input of a corresponding receiver latch 
input. The receiver latch can select input from the driver or the 
data bus. The select line determines the source of input data for 
the bus driver choosing between input data or data recirculated 
from the receiver output. The receiver output also has a three- 
State output buffer. 


The combination of the select input, S, the driver input enable, 
ENDR, and the receiver latch enable, RLE, provide seven differ- 


BLI-088 


ent data path operating modes not available in other trans- 
ceivers. For example, transmitted data can be stored in the re- 
ceiver for subsequent retransmission. Also, received data can be 
output to the system and simultaneously fed back to the driver 
input. 


The Am2928 is similar to the Am2927, but with a D-type edge- 
triggered register in the receiver and a receiver enable, ENREC, 
which functions as a common clock enable. 


Data from each D input is inverted at the bus output. Likewise, 
data at the bus input is inverted at the receiver output. 


All three-state controls and enable lines are active low (the 
Am2927 receiver latch is transparent when RLE is LOW). The 
select input, S, determines whether the enabled driver input 
accepts data from the data input, D, or from the corresponding 
receiver output, Y. Similarly, the select line determines whether 
the receiver accepts input data from the data bus, or the driver 
output. 


SIMPLIFIED LOGIC DIAGRAMS 


Am2927 





RLE 


s ENDR cp BE RECEIVER OE 
SELECT ORIVER CLOCK’ BUS LATCH OUTPUT 
ENABLE INPUT ENABLE ENABLE ENABLE 


LOGIC SYMBOL 








Do D, D2 Ds 






OE 

cP F 

s yy 
sAMm2927 

ENDR Yo 


RLE * 


Yo 












BE 
BUS) BUS, BUS; 





BUS, - 





*ENREC for Am2928 BLI-089 


Copyright © 1979 by Advanced Micro Devices, Inc. 





Am2928 
DATA BUS 


OUTPUT 
Y 





s ENDR BE ENREC cP OE 
SELECT DRIVER BUS RECEIVER CLOCK OUTPUT 
ENABLE ENABLE ENABLE INPUT €NABLE 


CONNECTION DIAGRAM 
Top View 


Note: Pin 1 is marked for orientation. 


BLI-090 
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Am2927 « Am2928. 


















DETAILED LOGIC DIAGRAMS 


Am2927 


BUS 





DATA 
INPUT D 


OUTPUT Y 


COMMON CONTROLS 




































































S- - ENDR OE 
SELECT DRIVER CLOCK OUTPUT 
ENABLE INPUT ENABLE 
BLI-091 
OUTPUT Y 
COMMON CONTROLS 
s ENDR BE ENREC OE 
SELECT DRIVER cLock BUS RECEIVER OUTPUT 
ENABLE INPUT ENABLE ENABLE ENABLE 
BLI-092 
MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature —65 to +150°C 
Temperature (Ambient) Under Bias —55 to +125°C 
Supply Voltage to Ground Potential a ) —0.5 to +7V 
DC Voltage Applied to Outputs for HIGH Output State aA -0.5 V to +Vcc max. 
DC Input Voltage —0.5 to +5.5V 
DC Output Current, Into Outputs (Except BUS) . a . 30 mA 
DC Output Current, Into Bus 6 100 mA 
DC Input Current . : —30 to +5.0mA 
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ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM'L Ta = O°C to +70°C Voc = 5.0V +5% (MIN. = 4.75V MAX. = 5.25V) 
MIL Ta = —55°C to +125°C Voce = 5.0V +10% (MIN. = 4.50V MAX. = 5.50V) 
BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
Typ 
Parameters Description Test Conditions (Note 1) Min (Note 2) Max Units 






lot = 24mA 


lo. = 48mA 
COM, lon = —20mA 2.4 


MIL, oy = —15mA | 24 | 





_ Bus Output LOW Voltage 















Bus Output HIGH Voltage 















Receiver Input HIGH Threshold 
Receiver Input LOW Threshold 
Bus Leakage Current (Power Off) 





Bus Enable = 2.4V 
Bus Enable = 2.4V 
Vec = OV, Vo = 4.5V 




































Bus Leakage Current 
(HIGH Impedance) 


Vec = MAX 
Bus Enable = 2.4V 











Bus Output Short Circuit Current 

















Bus Capacitance (Note 4) 


2. Typical limits are at Vor = 5.0V, 25°C ambient and maximu " 
3. Not more than one output should be shorted at a time, i ine i ould not exceed one second. 
E i ; reduction. 
















(MIN. = 4.75V MAX. = 5.25V) 


MIL ic = 5.0V £10% (MIN. = 4.50V MAX. = 5.50V) 


DC CHARACTERISTICS OVER OPERATING RANGE 


Typ 
Parameters Description Test Conditions (Note 1) Min (Note2) Max Units 



















Voc = MIN. MIL, lon = ~2.0mMA 
Receiver Output HIGH Voltage Vin = Vin or Vir COM'L, Ion = —6.5mA 

Veco = 5.0V lon = —100uA 
Output LOW Voltage (Except Bus) “cc = MIN lo. = 20mA 






Vin = Vir or Vin 














Guaranteed input logical 


Input HIGH Level (Except Bus) HIGH voltage for all inputs 
















Guaranteed input logical MIL 
LOW voltage for all inputs COM'L 





Input LOW Level 


















Voc = MIN., lin = —18mA 
Voc = MAX., Vin = 0.5V 






Input Clamp Voltage 
Input LOW Current (Except Bus) 



























































. S, ENDR 
Input HIGH Current (Except Bus) 5 
All other inputs 
Input HIGH C t (E: t B S ENDB 
as Beret eee aus) All other inputs 
Off-State Output Current Vo = 2.4V 











(Receiver Output) Vo = 0.5V 


















Output Short Circuit Current 
(Except Bus) 






Receiver 














Power Supply Current 
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Ain2927 « Am2928 
Am2927 


SWITCHING CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


Am2927XM 
Min Typ 









Am2927XC 
Min Typ Max | Units 





Parameters Description Test Conditions 









Driver Clock, CP, to BUS C. (BUS) = 50pF 


R, (BUS) = 1300 

















Bus Enable, BE, to BUS 








Min. Clock Pulse Width (HIGH or LOW) 





BUS to Receiver Output (Latch Enabled) 


Latch Enable, RLE, to Receiver Output 








= 

oO 
at | ot | oe = 
Oi nm nN 


Cy = 15pF, Ry, = 2.0k0 
CL _ 5pF, Ri = 2.0kD. 





Output Enable, OE, to Output 




















Driver Enable, ENDR, to Clock 


Select, S, to Clock (RLE = HIGH) 








Select, S, to Clock (RLE = LOW) 


Data Inputs, D, to Clock 
BUS to Latch Enable, RLE 
nh : 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specifie 
2. Typical limits are at Veg = 5.0V, 25°C ambient and maximum loading 
3. Not more than one output should be shorted at a time. Durati F 


Am2928 
SWITCHING CHARACTERISTICS Q 








pT 


ual 






















Am2928XM Am2928XC 
est Conditions Min Typ Max] Min’ Typ Max | Units 





Parameters 





Clock, GP, ¥ C,, (BUS) = 50pF 


R, (BUS) = 1300 





B 
us Enable, B CL = SpF 


Clock, CP, to Output, Y 
CL = 15pF, Rp = 2.0kQ 








af a] aw] a] oo 
oO! nm!| BR] ©!|@ 


Min. Clock Pulse Width (HIGH or LOW) 












































ple = ss = | ve | 
a a oe ee 
| — 
ee ee eee 
ae rs aA ies 
is aed 
IH * ZL Output Enable, OE, to Output, Y SLs ee oreo f= sen ihe acl 16 
tz * tz i ici aia C= 5pF, A= 20K | | ‘|| 14 
Driver Enable, ENDR, to Clock Peso : 
h ic a 
xe oe Fed 7 
i BUS to Clock (Receiver Register) E 8 os 
= Receiver Enable, ENREC, to Clock —+—|— ; 
: « 
2 S to Clock ee 
th a a ae 
Data Inputs, D, to Clock (Driver Register) —}— ——} «= | 


Notes: 1. For conditions shown an MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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Am2927 « Am2928 























Clock Pulse to.internal registers enters dataon the 
LOW-to-HIGH transition. 


BE Bus Enable. When Bus Enable is LOW the four 
drivers drive the BUS outputs. 


BUS,, BUS,, The four driver outputs and receiver inputs. 
BUS., BUS, 


Dg, D4; The four driver data inputs inverting from D to 
Do, Dz BUS. 
Yo; Y4; The four receiver data outputs inverting from BUS 
Yo, Y3 to Y. 
=) Select input controls data path modes in conjunc- 








tion with ENDR and RLE (or ENREC). 






Driver Register Control 


Driver Register 





Hold Previous Data 


DEFINITION OF FUNCTIONAL TERMS 


OE Output Enable. When Output Enable is LOW the 
four receiver outputs Y are active. 


ENDR Driver Enable. Common clock enable for the input 
register. Allows the data on the D inputs to be 
loaded into the driver.register on the clock LOW- 


to-HIGH transition. 


Receiver Latch Enable (Am2927 only). When Re- 
ceiver Latch Enable is LOW, the four receiver 
latches are transparent. The latches hold received 
data when RLE is HIGH. 


Receiver Enable (Am2928 only). Common clock 
enable for the receiver register. Allows the BUS 
driver or previous receiver data to enter the re- 
ceiver register on the rising edge of the clock. 


Pt) 
rm 
m 


ENREC 


Am2927 FUNCTION TABLES 


Receiver Latch Control 


Ci aa 


Data Latched 











Load from D Input 
Load from BUS 


Load Latched F Receiver Data 


















Driver Register 






Hold Previous Data 









Driver Register Output at Y Output 
(Latch Transparent) 









Bus Data at Y Output 
(Latch Transparent) 






Am2928 FUNCTION TABLES 


Receiver a Control 


Receiver Output 
Hold Previous Data 












Load from D Input 





Load from Receiver Register 





Load from Driver Register 


Load from BUS 
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APPLICATION 









DATA BUS 


US 














4 Am2928's CONTROL CONTROL 4 Am2928's 











Am2903 
ARRAY 





Am2904 MEMORY 


Am2902 


The Am2927 and Am2928 can be used to provide Data Bus, Address Bus and Control Bus Interface in a 


high-speed bipolar microprocessor system. 
BLI-093 


Am2927 AND Am2928 FUNCTION TABLE 






Control Input Condition 










Driver Input 
From 


Receiver Input 
From 














Signal Flow 


BUS 








(No Load) 





BUS 

















Receiver 
(No Load) 











i BUS 









(No Load) Driver 





(No Load) 


*RLE for Am2927 (asynchronous) or ENREC for Am2928 (F). 
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Am2930 


Program Control Unit 


DISTINCTIVE CHARACTERISTICS 


Powerful, 4-bit slice address controller for memories 

Useful with both main memory and microprogram memory 
Expandable to generate any address length 

Executes 32 instructions 

Automatic generation of address and update of program 
counter for fetch cycles, branch cycles, and subroutine call 
and return 

Contains cascadable full adder 

Twelve different relative address instructions are provided; 
including jump-to-subroutine relative and return-from-sub- 
routine relative 

Built-in condition code input 

Sixteen instructions are dependent on external condition 
control 

Seventeen-level push/pop stack 

On-chip storage of subroutine return addresses nested up to 
17 levels deep 

Separate incrementer for program counter 

A relative address may be computed and PC may be incre- 
mented by one on a single cycle 


LOGIC SYMBOL 


1 27 26 26 24 20 19 18 17 


Am2930 


Vec = Pin 28 
GND = Pin 14 
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GENERAL DESCRIPTION 


The Am2930 is a four-bit wide Program Control Unit intended 
to perform machine level addressing functions, although the 
device can also be used as a microprogram sequencer. Four 
Am2930’s may be interconnected to generate a 16-bit address 
(64K words). The Am2930 contains a program counter, a sub- 
routine stack, an auxiliary register, and a full adder for com- 
puting relative addresses. 


The Am2930 performs five types of instructions. These are: 
1) Unconditional Fetch; 2) Conditional Jump; 3) Conditional 
Jump-to-Subroutine; 4) Conditional Return-from-Subroutine; 
and 5) miscellaneous instructions. 


There are four sources of data for the adder which generates 
the Address outputs (Yo-Y3). These are: 1) the Program 
Counter (PC); 2) the Stack (S); 3) the auxiliary Register(R); 
and 4) the Direct inputs (D). Under control of the Instruction 
inputs (19-14), the multiplexers at the adder inputs allow var- 
ious combinations of these terms to be generated at the three- 
state Y address outputs. The instruction lines also control the 
updating of the program counter and the auxiliary register. A 
condition code input is provided for conditional instructions. 


BLOCK DIAGRAM 


17X4 
Aux. CE REGISTER 
REGISTER STACK 
(R} (s) 


(LIFO) 


PROGRAM 

A B. COUNTER 

MULTIPLEXER MULTIPLEXER REGISTER 
(PC) 


PC 
MULTIPLEXER 


INSTRUCTION 
DECODER 


CP Ve GND 





MPR-221 


Am2930 


BLOCK DIAGRAM 


D RE FUL 
y 










STACK 
MULTIPLEXER 













17X4 
REGISTER 

STACK 
(S) 


(LIFO) 


REGISTER 
(R) 


RCE* RST* 


“0" 


PROGRAM 
COUNTER 
REGISTER 
(PC) 








A B 
MULTIPLEXER MULTIPLEXER 





iINCREMENTER c> Ci+4 


“Ol 
) os 
F 
r 
- 
> 
~] 
is) 
m 
=) 
OO 


al 
a 





PC 


MULTIPLEXER 
Cy+4 SO 


2 
4 


- . CEN* 
OEN RST* 


OEN* INSTRUCTION 
INC* DECODER 
RSEL* 


3) RCE* 


CP Voc GND 





< 


MPR-221 
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Am2930 


ARCHITECTURE OF THE Am2930 


The Am2930 is a bipolar Program Control Unit intended for use 
in high-speed microprocessor applications. The device is a cas- 
cadable, four-bit slice such that three devices allow addressing 
of up to 4K words of memory and four devices allow addressing 
of up to 64K words of memory. 


As shown in the Block Diagram, the device consists of the 
following: 
1) A full adder with input multiplexers 
2) A Program Counter Register with an incrementer and an 
input multiplexer 
3) A 17 x 4 Last-In, First-Out (LIFO) stack consisting of an 
input multiplexer, a 17 x 4 RAM, and a Stack Pointer 
4) An auxiliary register with an input multiplexer 
5) An instruction decoder 
6) Four 3-state output buffers on the address outputs 


The following paragraphs describe each of these blocks in detail. 
Full Adder 


The Full Adder is a binary device with full lookahead carry 
logic for high-speed addition and provision is made for further 
lookahead by including bozh carry propagate (P) and carry 
generate (G) outputs. In slower systems, the carry output 
(Ch+4) can be connected to the next higher Cy to provide 
ripple block arithmetic. The carry input to the adder (Cy) is 
internally inhibited during those instructions which do not re- 
quire an addition to be performed. For these instructions, the 
data is passed directly through the adder, independent of the 
state of Ch. 


The multiplexers at the A and B inputs of the adder are con- 
trolled by the Instruction decoder which selects the appropriate 
adder inputs for the selected instruction. 


Program Counter 


The program counter consists of a register preceeded by an 
incrementer. The Program Counter Register (PC) is a four-bit, 
edge-triggered, D-type register which is loaded from the incre- 
menter output on the LOW-to-HIGH transition of the clock 
input (CP) at the end of every instruction. 


The incrementer utilizes full lookahead logic for high speed. 
For cascading devices, the carry output of the incrementer 
(Cj+4) is connected to the incrementer carry input (Cj) of the 
next higher device. The output of the incrementer, which is 
loaded into the PC, is equal to the incrementer input plus Cj. 
Therefore, it is possible to control the entire cascaded incre- 
menter from the Cj input of the least significant device;a LOW 
on the Cj input of the least significant device will simply pass 
the data from the multiplexer output to the inputs of PC; a 
HIGH will cause the outputs of the multiplexer to be incre- 
mented before they are loaded into PC. During three instruc- 
tions (unconditional Hold and conditional Hold and Suspend 
when the CC input is LOW), the Cj input is internally inhibited; 
therefore, data is passed from the multiplexer output to the PC 
without incrementing. The multiplexer selects the input to the 
incrementer from either PC or the output of the Full Adder, 
depending upon the instruction being executed. During the 
Jump, Jump-to-Subroutine, and Return instructions, the multi- 
plexer chooses the Full Adder outputs as the input to the in- 
crementer if the CC input is LOW. The Full Adder output is 
also selected for the Reset instructicn. For all other instruc- 
tions, the PC is selected as the input to the incrementer. 


17 x 4 LIFO Stack 


The 17x 4 LIFO stack consists of a multiplexer, a 17x 4 RAM, 
anda Stack Pointer (SP) which address the words in the RAM. 


The SP always points to the last word written into the RAM 
(Top of the Stack). The Top of the Stack (S) is available at the 
output of the RAM. 


Data is pushed onto the Top of the Stack from either D or PC. 
It is written into memory location SP+1. The SP is incremented 
on the LOW-to-HIGH clock transition at the end of the cycle 
so that it still points to.the last data written into the RAM. 


Fora Pop operation, the contents of the RAM are not changed, 
but the SP is decremented at the end of the cycle so that it 
then points to the new Top of the Stack. 


The SP is an up/down counter which changes state on the 
LOW-to-HIGH transition of the Clock input. It is internally 
prevented from incrementing when the stack is full and from 
decrementing when the Stack is empty. When the Stack is full, 
the RAM write circuitry is also inhibited. 


The active LOW Empty output (EMPTY) is LOW when the 
stack is empty (after the Reset instruction and after the last 
word has been Popped from the stack); the active LOW Full 
output (FULL) is LOW either when the stack is full or when 
the current instruction being executed will fill the stack (during 
and after the 17th Push). 


Auxiliary Register (R) 


The Auxiliary Register (R) can be loaded from either the Direct 
inputs (D) or the output of the Full Adder. It is loaded on the 
LOW-to-HIGH transition of the clock input (CP) if the Regis- 
ter Enable input (RE) is LOW or if the Instruction inputs call 
for it to be loaded. When RE is LOW, R is loaded from the D 
inputs unless the Instruction dictates that R be loaded from 
the output of the Full Adder. 


Instruction Decoder 


The Instruction Decoder generates the signals necessary to 
establish the data paths and to enable the loading of the PC, 
R, SP, and RAM. 


For unconditional instructions, the CC input is not utilized; 
it may be either HIGH or LOW. For conditional instructions, 
if CC is LOW, the condition is met and the conditional oper- 
ation is performed; if CC is HIGH, a Fetch PC is performed. 


Output Buffers 


The Address outputs (Y9-Y3) are three-state drivers which 
may be disabled either under Instruction control or by a HIGH 
on the Output Enable input (OE). Disabling the Y outputs does 
not affect the execution of instructions inside the Am2930. 


Instruction Enable 


When HIGH, the Instruction Enable input (LEN) forces PC and 
SP into the hold mode and disables the write circuitry to the 
RAM. The auxiliary register (R) is under control of the RE in- 
put when TEN is HIGH, independent of the state of the Instruc- 
tion inputs. The IEN input does not affect the combinatorial 
data paths or Y outputs in the Am2930. The data paths are 
selected by the Instruction and CC inputs and are not affected 
by TEN. 
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Am2930 INSTRUCTION SET 


The Am2930 Instruction set can be divided into five types of 
instructions. These are: 

@ Unconditional Fetches 

Conditional Jumps 

Conditional Jumps-to-Subroutine 

Conditional Returns-from-Subroutine 

Miscellaneous Instructions 


The following paragraphs describe each of these types in detail. 


Unconditional Fetches 


As can be seen from Table 1, there are nine unconditional 
Fetch instructions (Instructions 1-9). Under control of the 
Instruction inputs, the desired function is placed at the Y out- 
puts. For all Fetch instructions, PC is incremented if Cj of the 
least significant device is HIGH. For Instructions 1 through 7, 
the auxiliary register is under control of the RE input. For 
Instructions 8 and 9, R is loaded with PC and R + D, respec- 
tively. The RAM and Stack Pointer are not changed during a 
Fetch instruction. , 


Conditional Jumps 


There are six conditional Jump instructions (Instructions 16 
through 21). Under control of the Instruction inputs, the de- 
sired function is placed at the Y outputs. Additionally, the 
desired function is incremented if Cj of the least significant 
device is HIGH and loaded into PC. During these instructions, 
R is controlled by RE. The RAM and Stack Pointer are not 
changed during these instructions. The above operations are 
performed if the CC input is LOW; if CC is HIGH, a Fetch PC 
operation is performed. 


Conditional Jumps-to-Subroutine 


There are six conditional Jump-to-Subroutine instructions 
(Instructions 22 through 27). Under control of the Instruction 
inputs, the desired function is placed on the Y outputs. On 
the rising edge of the clock the data on the Y outputs is 
incremented and loaded into PC, PC is loaded into the RAM at 
location SP+1; and SP is incremented. 


As with Conditional Jump Instructions, R is controlled by RE 
and whether the Jump-to-Subroutine or Fetch PC is performed 
depends upon the state of the CC input. 


Conditional Returns-from-Subroutine 


There are two conditional Return-from-Subroutine instructions 
(Instructions 28 and 29). Under control of the instruction in- 
puts, either S or S+D is placed at the Y outputs. Additionally, 
the selected function is incremented and loaded into PC and 
SP is decremented at the end of the cycle (on the rising edge 
of the clock). 
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As with the Condition Jump and Jump-to-Subroutine Instruc- 
tions, R is controlled by RE and whether the Return-from- 
Subroutine or Fetch PC is performed depends upon the state 
of the CC input. 


Miscellaneous Instructions 


Each of the nine miscellaneous instructions is described 
individually. 


Reset (Instruction 0) 

The Reset instruction forces the Y outputs to zero, loads either 
zero or one into PC, depending upon the Cj input of the least 
significant device, and resets SP. The RAM is unchanged and 
R is controlled by RE. 


Load R (Instruction 10) 

This instruction loads the data on the D inputs into R. PC is 
either incremented or held depending upon Cj of the least sig- 
nificant device. The SP and RAM are not changed. 

Push PC (Instruction 11) 

This instruction is the same as Fetch PC except that PC is 
loaded into RAM and SP is incremented at the end of the 
cycle; i.e., the current PC is Pushed onto the stack. 

Push D (Instruction 12) 

This instruction is the same as Fetch PC except that D is loaded 
into the RAM and SP is incremented at the end of the cycle; 
i.e., external data is Pushed onto the stack. 

Pop S (Instruction 13) 

This instruction places the Top of the Stack (S) at the Y out- 
puts and decrements SP at the end of the cycle. The PC is 
incremented if the Cj; input of the least significant device is 
HIGH. R is controlled by RE. 

Pop PC (Instruction 14) 


This instruction is the same as Fetch PC except SP is decre- 
mented at the end of the cycle, causing the data at the top of 
the stack to be Jost. 

Hald (Instruction 15) 

This instruction places PC at the Y outputs and inhibits any 
change in PC, SP, and RAM. R is controlled by RE. 
Conditional Hold (Instruction 30) 

This instruction is the same as Hold except CC must be LOW. 
lf CC is HIGH, the Fetch PC instruction is performed. 
Suspend (Instruction 31) 


The Suspend instruction is the same as th Conditional Hold 
instruction except_the Y outputs are forced into the high- 
impedance state if CC is LOW. 
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TABLE | — Am2930 INSTRUCTION SET 





Next State (after CP Ff ) (Note 3) 





Mnemonic | Instruction 


Number 

































x= 


Instruction 
Disable 








































































PRST 0 tL LLLoL X L RESET “O"'+C; 

FPC 1 L Lt tL H X L FETCH PC PC+C; 

FR 2 Pek. eH ohe xX L FETCHR PC+C; 

FD 3 Lt tb HH X L FETCH D PC+C; 

FRD 4 LLHLL X L FETCH R+D PC+C; 

FPD 5 LL HLH X L FETCH PC+D PCH; 

FPR 6 LLHHL X L FETCH PC+R PC+C; 

FSD 7 LL HHH xX L FETCH S+D PC+C; 

FPLR 8 LHLLEL X L FETCH PC>R PC+C; 

FRDR LHLLH X L FETCH RtD—-R PC+C; 

PLDR LHL HL *X L LOAD R PC+C; 

PSHP LHL HH X L PUSH PC PC+C; PC > Loc SP+1 
PSHD L HHULL X L PUSH D PC+C; D - Loc SP+1 
POPS L HH LH X L POPS PC+C; 

POPP L HHHL X L POP PC PC+C; 

PHLD L HH HH X-L HOLD - 



















= 
x 
x< 
x< 
x< 
= 
- 





FAIL COND’'L 
TEST (FETCH PC) 


PC+C; 



























































































HLLELL LL L | sumPR R+C; D 
HtLLLH L L_ | guMPD D D+C D 

HLLHL LL |] JUMP “Oo” “o" "O"'4C; D 

HtbLHH LL | JUMP R+D R+D+Cpy R+D+Cy+C; D 

HtLHLL LL _ | JUMP PC+D PC+D+C, | PC+D+Cy+C; D 

HLHULH L L_ | gumMP PCH PC+R+G, | PCHR+CytC; D 

HLHHL L L_ | JsBR R R+C; D Loc SP+1 
HtLHHH L Lt | usBD D D+C; D PC > Loc SP+1 
HHLLE LoL JSB “0” npr “O"'+C} D PC + Loc SP+1 
HHLLH L L_ | JSBR+D R+D+C, R+D+Cyt+Cf D PC + Loc SP+1 
HHLHLL L JSB PC+D PC+D4+Cy | PC+D+Cp+Cj D PC + Loc SP+1 
HHLHH L L_ | JSBPCH PC+R+Cy | PCHRtCytC; D Loc SP+1 
HHHLLL -L RETURN § s S+C; D 

HHH LH L- L_ | RETURN S+D S+D+Cp S+D+Cp tC; D 

HHHHLL L HOLD PC _ D 

HHH HH LL } SUSPEND Z (Note 2) ~ D 







PC — Program Counter SP — Stack Pointer 
R — Auxiliary Register D — Direct Inputs 


Notes: 1, When IEN is HIGH, the Yo-Y3 outputs contain the same data as when [EN Is LOW, as determined by Ig-l4 and CE. 


2. 2 = High impedance state (outputs “OFF”). 
. — = No change 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 











Storage Temperature —65 to +150°C 
Temperature (Ambient) Under Bias —55 to +125°C 
Supply Voltage to Ground Potential —0.5 to +7.0V 
DC Voltage Applied to Outputs for High Output State en ke —0.5V to Vec max. 
DC Input Voltage —0.5 to +5.5V 
DC Output Current, Into Outputs ; 30mA 
DC Input Current ~—30 to +5.0mA 


en UU Nad IER Renae 


OPERATING RANGE 
Part Number Temperature Voc 


Am2930PC, DC Ta = 0 to 70°C 4.75V to 5.25V 
Am2930DM, FM To = —55 to +125°C 4.50V to 5.50V 


DC CHARACTERISTICS OVER OPERATING RANGE 


















































































































Typ 
Parameters Description Test Conditions (Note 1) Min (Note 2) Max Units 
ae Y2, Y3 
Voc = MIN., rages 
Vou Output HIGH Voltage Vin = Vit or Vin a Voits 
lo. = 20mA 
Yo. Ys. Yo, ¥ (COM’L) 
ON T2e "3 io, = 16mA (MIL) |_| 
Voc = MIN. G, Ch+a 
Vv Output LOW Voltage Se 7 lo = 16mA al os | Volts 
at i 8 Vin =VirorVin | Cita oF 
P, FULL, ¥ 
Vin [Input LOW Level (Note 4 i iano 
ae an nee 
lo—4, RE, IEN, 
CP, OE 
hit Input LOW Current Voc = MAX., Vin = 0.5V Fel 
Ci 
Cn fess oa 
Do-3 
‘lo—4, RE, IEN, 
CP, OE 
ly Input HIGH Current Voc = MAX., Vin = 2.7V Faxed 
Cj 
Ch : 
I, ‘Input HIGH Current Vec = MAX., Vin = 5.5V 
Output Short Circuit Current o 
Isc (Note 3) Voc = MAX. 
I — Vv = 0.5V 
ek Output OFF Current Voc = MAX., OE = 2.4V cea 
: Vout = 2.4V : ; 
Voc = 5.0V Ta = 25°C 150 
To = —55 to +125°C ie 2 
lec eee raea Veco = MAX ton 
oo : Ta = 0 to 70°C 
Ta = 70°C 185 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. These input levels provide no guaranteed noise immunity and should only be tested in a static-, noise-free environment. 

5 


. Minimum icc is at maximum temperature. 
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Am2930 SWITCHING CHARACTERISTICS 


Tables A, B, C and D define the timing characteristics of the Am2930. Measurements are made at 1.5V with V;_ = OV and 
Vin = 3.0V. For three-state disable tests, C._ = 5.0pF and measurement is to 0.5V change on output voltage level. 


1. Typical Room Temperature Performance. 
Veco = 5.0V, Ta = 25°C 


TABLE IA TABLE IC TABLE ID 
Clock Characteristics. Combinational Propagation Delays. Set-up and Hold Times. All in ns. 
All in ns. All relative to clock 
ron cea ote Loe] Outputs fully loaded. C, = 50pF. LOW-to-HIGH transition. 
Minimum Clock HIGH Time | 20ns | 










































































TABLE IB 
Output Enabie/Disable Times. 
All in ns. 0 
C, = 5.0pF for output disable tests. 0 1 
0 
— 
D (RE =L, 
| '4-0 = 0-8 or 10-15) a [ . 
D (All other conditions) | 44 
Note 1: “Suspend” instruction. RE 13 2 
ll. Guaranteed Performance Over Commercial Operating Range. 
Voc = 4.75 to 5.25V, Ty = 0 to 70°C 
TABLE IIA TABLE lIC TABLE IID 
Clock Characteristics. Combinational Propagation Delays. Set-up and Hold Times. All in ns. 
a2 All in ns. All relative to clock 
[wenn contents [a] Outputs fully loaded. Cy, = 5SOpF. LOW-to-HIGH transition. 
Minimum Clock HIGH Time: 


TABLE {IB 
Output Enable/Disable Times. 
All in ns. 
C, = 5.0pF for output disable tests. 


| From | To Disable 


OE Y 27 26 






































i a ane ea 
D (RE = L, 1 25 1 
: ; > |4-0 = 0-8 or 10-15) 
| 0 (All other condor | 66 a 2 | 
Note 1: “Suspend” instruction. [FRE CT 


ill. Guaranteed Performance Over Military Operating Range. 
Voc = 4.5 to 5.5V, Te = ~55 to +125°C 



































TABLE IIIA TABLE IIc TABLE filD 
Clock Characteristics. Combinational Propagation Delays. Set-up and Hold Times. All in ns. 


All in ns. All relative to clock 
Mini Clock LOW Ti za 
| pu = — Outputs fully loaded. C, = 5OpF. LOW-to-HIGH transition. 
Minimum Clock HIGH Time | 36ns | 


TABLE IIIB 














Input Time | Time 
Output Enable/Disable Times. 4-0 124 o | 
All in ns. ct ii 
Cy = 5.0pF for output disable tests. [EN C 



















|_From | To | Enable | Disable 


Y 32 31 
Y 60 
Y 85 




















li (RE =L, 


“2 \4.9 = 0-8 or 10-15) 























60 











RE 


Note 1: “Suspend” instruction. 
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Figure 1. Typical 16-Bit Microcomputer Design. 
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APPLICATIONS 


The Am2930 is shown in a typical 16-bit, 2900 Microcomputer 
design in Figure 1. 





The Direct inputs (D) of the Am2930 are derived from one of 
three sources: the Instruction Register, the Data Bus via a 16- 
bit register (two Am2920 8-bit Registers), and the output of 
the Am2901's via a 16-bit register. 


The Address outputs (Y) of the Am2930 are loaded into a 16- 
bit Memory Address Register (MAR). Although the MAR is 
shown as part of the CPU, in some applications it may be part 
of the memory. 


An Am2902 High-Speed lookahead Carry Generator is uti- 
lized to provide high-speed relative and indexed addressing. In 
slower systems, the Cy+4 output can be wired to the next 
higher Cy input to provide ripple block arithmetic. 





PIN DEFINITIONS 


19-4 The five Instruction control lines to the Am2930, 
used to establish data paths and enable internal 
registers. 

IEN The Instruction Enable Input, used to enable and 


disable internal registers. When IEN is LOW, all in- 
ternal registers are under control of the Instruction 
inputs. When IEN is HIGH, all internal registers ex- 
cept R are inhibited from changing state. R is con- 
trolled by the RE input. The IEN input does not 
affect the combinatorial data paths and the outputs 
established by the Instruction inputs. 


8 
i?) 


The Condition Code input determines whether or 
not a conditional instruction (Instructions 16-31) is 
performed. lf CCis LOW, the conditional instruction 
is executed. If CC is HIGH, Fetch PC (Instruction 1) 
is executed. The CC input may be either HIGH or 
LOW for unconditional instructions (Instructions 
0-15). 

RE The Register Enable input for the Auxiliary Register 
(R). A LOW on RE causes the Auxiliary Register 


(R) to be loaded from the D inputs unless Instruc- 
tion 8 or 9 is being executed and IEN is LOW. 





The Condition Code input (CC) is derived from the same con- 
dition code multiplexer which generates the condition code in- 
put for the microprogram sequencer. 


The control! inputs of the Am2930 (19.4, IEN, RE, OE, and C; 
and Cry of the least significant device) are shown originating at 
the Pipeline Register. Although it is not shown in Figure 1, it 
is possible to share the Pipeline Register outputs which go to 
these pins with another device. This can be accomplished if 
both the Am2930 and the other device do not operate on the 
same microcycle. Forcing the [EN input HIGH inhibits any 
changes in the Am2930 internal registers, independent of the 
state of these seven inputs. This allows the Am2930 to be 
placed in a hold mode while the other device is using the same 
Pipeline Register outputs as control signals. 


Ch The carry-in to the Full Adder. 

Cn+4 The carry-eut of the Full Adder. 

PG The carry generate and propagate outputs of the Full 
Adder. 

Cj The carry-in to the program counter incrementer. 

Ci+4 The carry-out of the program counter incrementer. 

Yo-3 The four address outputs of the Am2930. These are 


three-state output lines. When enabled, they display 
the outputs of the Full Adder. 


OE Output Enable. When OE is HIGH, the Y outputs 
are OFF (high-impedance); when OE is LOW, the Y 
outputs are active (HIGH or LOW). 


Do-3 The four Direct inputs which are used as inputs to 
the Auxiliary Register, the RAM, and the Full 
Adder, under instruction control. 

Empty The Empty output is LOW when the Stack is empty. 

Full The Full output is LOW when the LIFO stack is full 
— during and after the 17th push operation. 

cP The clock input to the Am2930. All internal reg- 


isters (R, SP, PC) and the RAM are updated on the 
LOW-to-HIGH transition of the clock input. 


CONNECTION DIAGRAM 
Top View 


Am2930 


Note: Pin 1 is marked for orientation. 


MPR-225 
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INPUT/OUTPUT CIRCUIT CURRENT INTERFACE 


DRIVEN INPUTS 
He | 


Hy 


Vec 


ALL OTHERS MPR-223 





Note; Cj input is connected to both configurations in parallel. 


DRIVING OUTPUTS 


Yo-3 
DRIVING OUTPUT 


ALL OTHER O/P's 
DRIVING OUTPUT 





Note; Actual current flow direction shown, 
MPR-224 





ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Package Type Operating Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 
AM2930PC P-28 Cc C-1 
AM2930DC D-28 Cc C-1 
AM2930DC-B D-28 Cc B-2 (Note 4) 
AM2930DM D-28 M C-3 
AM2930DN-B D-28 M B-3 
AM2930FM F-28-2 M C-3 
AM2930FM-B F-28-2 M B-3 
AM2930XC Dice Cc Visual inspection 
AM2930XM Dice M La ciara 

Method 2010B. 





Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 
C = Oto 70°C, Voc = 4.75 to 5.25V; M = —55 to +125°C, Voc = 4.50 to 5.50V 

. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 

. 96 hour burn-in. 


an 
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DISTINCTIVE CHARACTERISTICS 


© Powerful, 4-bit slice address controller for memories 
Useful with both main memory and microprogram memory 
Expandable to generate any address length 

@ Executes 16 instructions . 
Automatic generation cf address and update of program 
counter for fetch cycles, branch cycles, and subroutine call 
and return 

®@ Contains cascadable full adder 
Eight relative address instructions are provided, including 
jump relative and jump-to-subroutine relative 

@ Seventeen-level push/pop stack 
On-chip storage of subroutine return addresses nested up to 
17 levels deep 

® Separate incrementer for program counter 
A relative address may be computed and PC may be incre- 
mented by one on a single cycle 


GENERAL DESCRIPTION 


The Am2932 is a four-bit wide Program Control Unit in- 
tended to perform machine level addressing functions, although 
the device can also be used as a microprogram sequencer. Four 
Am2932s may be interconnected to generate a 16-bit address 
(64K words). The Am2932 contains a program counter, a sub- 
routine stack, an auxiliary register, and a full adder for com- 
puting relative addresses. 













The Am2932 performs five types of instructions. These are: 
1) Fetch; 2) Jump; 3) Jump-to-Subroutine; 4) Return-from- 
Subroutine; and 5) miscellaneous instructions. 


There are four sources of data for the adder which generates 
the Address outputs (Yg-Y3). These are: 1) the Program 
Counter(PC); 2) the Stack (S); 3) the auxiliary Register(R); 
and 4) the Direct inputs (D), Under control of the Instruction 
inputs (1g-13), the multiplexers at the adder inputs allow var- 
ious combinations of these terms to be generated at the three- 
state Y address outputs. The instruction lines also control the 
updating of the program counter and the auxiliary register. 















LOGIC SYMBOL BLOCK DIAGRAM 
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ARCHITECTURE OF THE Am2931/32 


The Am2932 is a bipolar Program Control Unit intended 
for use in high-speed microprocessor applications. The device 
is a cascadable, four-bit slice such that three devices allow ad- 
dressing of up to 4K words of memory and four devices allow 
addressing of up to 64K words of memory. 





As shown in the Block Diagram, the device consists of the 
following: 


1) A full adder with input multiplexers 

2) A Program Counter Register with an incrementer and an 
input multiplexer 

3) A 17 x 4 Last-In, First-Out (LIFO) stack consisting of an 
input multiplexer, a 17 x 4 RAM, and a Stack Pointer 

4) An auxiliary register with an input multiplexer 

5) An instruction decoder 

6) Four 3-state output buffers on the address outputs 


The following paragraphs describe each of these blocks in detail. 


Full Adder 


The Full Adder is a binary device with full lookahead carry 
logic for high-speed addition. The carry output (Cy+4) can be 
connected to the next higher Cy to provide ripple block 
arithmetic. The carry input to the adder (Cy) is internally 
inhibited during those instructions which do not require an 
addition to be performed. For these instructions, the data is 
passed directly through the adder, independent of the state 
of Ch. 


The multipléxers at the A and B inputs of the adder are con- 
trolled by the Instruction decoder which selects the appropriate 
adder inputs for the selected instruction. 


Program Counter 


The program counter consists of a register preceded by an 
incrementer. The Program Counter Register (PC) is a four-bit, 
edge-triggered, D-type register which is loaded from the incre- 
menter output on the LOW-to-HIGH transition of the clock 
input (CP) at the end of every instruction. 


The incrementer utilizes full lookahead logic for high speed. 
For cascading devices, the carry output of the incrementer 
(Cj+4) is connected to the incrementer carry input (Cj) of the 
next higher device. The output of the incrementer, which is 
loaded into the PC, is equal to the incrementer input plus Cj. 
Therefore, it is possible to control the entire cascaded incre- 
menter from the Cj input of the least significant device; a LOW 
on the Cj input of the least significant device will simply pass 
the data from the multiplexer output to the inputs of PC; a 
HIGH will cause the outputs of the multiplexer to be incre- 
mented before they are loaded into PC. During the suspend 
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instruction the Cj input is internally inhibited; therefore, data 
is passed from the multiplexer output to the PC without incre- 
menting. The multiplexer selects the input to the incrementer 
from either PC or the output of the Full Adder, depending 
upon the instruction being executed. During the Jump, Jump- 
to-Subroutine, and Return instructions, the multiplexer 
chooses the Full Adder outputs as the input to the incrementer, 
The Full Adder output is also selected for the Reset instruction. 
For all other instructions, the PC is selected as the input to the 
incrementer. 


17x 4 LIFO Stack 


The 17x 4 LIFO stack consists of a multiplexer, a 17x 4 RAM, 
and a Stack Pointer (SP) which address the words in the RAM. 


The SP always points to the last word written into the RAM 
(Top of the Stack). The Top of the Stack (S) is Svailable at the 
output of the RAM. 


Data is pushed onto the Top of the Stack from either D or PC. 
It is written into memory location SP+1. The SP is incremented 
on the LOW-to-HIGH clock transition at the end of the cycle 
so that it still points to the last data written into the RAM. 


For aPop operation, the contents of the RAM are not changed, 
but the SP is decremented at the end of the cycle so that it 
then points to the new Top of the Stack. 


The SP is an up/down counter which changes state on the 
LOW-to-HIGH transition of the Clock input. It is internally 
prevented from incrementing when the stack is full and from 
decrementing when the Stack is empty. When the Stack is full, 
the RAM write circuitry is also inhibited. 


The active LOW Full output (FULL) is LOW either when the 
stack is full or when the current instruction being executed 
will fill the stack (during and after the 17th Push). 


Auxiliary Register (R) 


The Auxiliary Register (R) can be loaded from either the Direct 
inputs (D) or the output of the Full Adder. It is loaded on the 
LOW-to-HIGH transition of the clock input (CP) if the Instruc- 
tion inputs call for it to be loaded. 


Instruction Decoder 


The Instruction Decoder generates the signals necessary to 
establish the data paths and to enable the loading of the PC, 
R, SP, and RAM. 


Output Buffers 


The Address outputs (YQ-Y3) are three-state drivers which 
may be disabled under Instruction control. 
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Note: Pin 1 is marked for orientation. 
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TABLE | — Am2932 INSTRUCTION SET 


Instruction Next State (after CP[) — Note 2 


Number Mnemonic 


RESET “O"+C; 
SUSPEND Z(Note1) | — 
PUSH D PC PC+C; 
POPS S PC+C; 
FETCH PC PC PC+C; 
JUMP D D+C; 


RETURN § 
FETCH R 
FETCH PC+R 
FETCH PC-R 
JUMP R 
JUMP PC+R 
JSB R 

JSB PC+R 
LOAD R 


“0 
1 
2 
3 
4 
5 
6 
7 
8 
9 


fone oer eee ee eee 
Tortirrrerr rrr irrererer 
TIOrrTIrTrFTrirTerereitiire 
Plo LL eee Le ae er 


Notes: 1. Z = High impedance state (outputs “OFF”) 


2. — = No change 





Am2932 INSTRUCTION SET 


The Am2932 Instruction set can be divided into five types of 
instructions. These are: 


PUSH PC PC 





PC+C; 

S+Cj 

PC+C; 

PC+C; 

PC+C; 

R+C; 

PC+R+C,,+C; 

R+C; PC-+Loc SP+1 
PC+R4+Cyt+Cj PC-Loc SP+1 
PC+Cj a tet 


PC — Program Counter 
R — Auxiliary Register 






outputs. Additionally, S is incremented and loaded into PC 
and SP is decremented at the end of the cycle (on the rising 


@ Fetches edge of the clock). 

@ Jumps During this instruction, R is not changed. 
@ Jumps:to-Subroutine Miscell ' : 

@ Return-from-Subroutine agen aneen > /OAMCHONS 

@ Miscellaneous Instructions 


The following paragraphs describe each of these types in detail. 


Fetches 


As can be seen from Table |, there are four Fetch instructions 
(Instructions 4, 8, 9, 10). Under control of the Instructions 
inputs, the desired function is placed at the Y outputs. For all 
Fetch instructions, PC is incremented if Cj of the least signi- 


ficant device is HIGH. For-Instruction 10 R is loaded with PC. 


The RAM and Stack Pointer are not changed during a Fetch 
instruction. 


Jumps 


There are three Jump instructions (Instructions 5, 11, 12). 
Under control of the Instruction inputs, the desired function 
is placed at the Y outputs. Additionally, the desired function 
is incremented if Cj of the least significant device is HIGH and 
loaded into PC, The RAM, Stack Pointer and R are not changed 
during these instructions. 


Jumps-to-Subroutine 


There are two Jump-to-Subroutine instructions (Instructions 
13 and 14). Under control of the Instruction inputs, the desired 
function is placed on the Y outputs. On the rising edge of the 
clock the data on the Y outputs is incremented and loaded 
into PC, PC is loaded into the RAM at location SP+1; and SP 
is incremented. 


During these instructions, R is not changed. 


Return-from-Subroutine (Instruction 7) 
Under control of the instruction inputs, S is placed at the Y 


Each of the nine miscellaneous instructions is described 
individually. 


Reset (Instruction 0) 


The Reset instruction forces the Y outputs to zero, loads either 
zero or one into PC, depending upon the Cj input of the least 
significant device, and resets SP. The RAM and R are unchanged. 


Load R (Instruction 15) 


This instruction loads the data on the D inputs into R. PC is 
either incremented or held depending upon Cj of the least sig- 
nificant device. The SP and RAM are not changed. 


Push PC (Instruction 6) 


This instruction is the same as Fetch PC except that PC is 
loaded into RAM and SP is incremented at the end of the 
cycle; i.e., the current PC is Pushed onto the stack. 


Push D (Instruction 2) 
This instruction is the same as Fetch PC except that D is loaded 


‘into-the RAM and SP is incremented at the end of the cycle; 


i.e., external data is Pushed onto the stack. 


Pop S (Instruction 3) 


This instruction places the Top of the Stack (S) at the Y out- 
puts and decrements SP at the end of the cycle. The PC is 
incremented if the Cj input of the least significant device is 
HIGH. R is not changed. 


Suspend (Instruction 1) 


The Suspend instruction inhibits any change in PC, SP, R and 
RAM and forces the Y outputs into the high impedance state. 
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Am2932 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 
Temperature (Ambient) Under Bias 
























—65 to +150°C 
—55 to +125°C 








Supply Voltage to Ground Potential —0.5 to +7.0V 
DC Voltage Applied to Outputs for High Output State —0.5V to Vec max. 
DC input Voltage —0.5 to +5.5V 
DC Output Current, Into Outputs 30mA 
DC Input Current —30 to +5.0mA 
OPERATING RANGE 
Part Number Temperature Voc 

Am2932PC, DC Ta = 0 to 70°C 4.75V to 5.25V 

Am2932DM Te == —55 to +125°C 4.50V to 5.50V 
DC CHARACTERISTICS OVER OPERATING RANGE 

Typ 

Parameters Description Test Conditions (Note 1) Min (Note2) Max Units 











Voc = MIN., 


Output HIGH Voltage VIN = VIL or Vin 


Voc = MIN. 


Output LOW Voltage 
e : Vin = Vit or Vin 


Input HIGH Level (Note 4) 







Yo, Yi, Ya, ¥3 
G, Ch+4, 
Ci+4 





Yo, Y1, Yo, ¥3 


Cn+4, 
lo = 16mA 
re 


FULL 








Volts 


lo. = 16mA (MIL) 


Volts 


lo. = 12mMA 


Volts 











Input LOW Level (Note, 4) 


Volts 















Input Clamp Voltage 


Vec = MIN., liyj = —18mMA 


Cine Z lo—3, 
cc = MAX., Vin, = 0.5V 





Volts 


~.360 
—.702 


Do—3 


> 





I 
ped 
° 











Input LOW Current | 

















































Notes: 





—3, CP 
Cj ; 
Ch —3.69 
Do—3 20 
40 
Input HIGH Current Vec = MAX., Vin = 2:7V 90 BA 
j : 
Cy 250 
Input HIGH Current Voc = MAX., Vin = 5.5V 1.0 mA 
Output Short Circuit pce) _4 a: 
Current (Note 3) MOG: MAK 20 a ues 
Output OFF Current Vv MAX., OE = 2.4v [Your = 0-8V ai A 
U “ur = - = 2, 
pu en cc Vout = 2.4V 50 e 
Voc = 5.0V 176 
Te==s5to+12°¢ | | at 
(Note 5) Voc = MAX. = A Sheet 
Ta = 0 to 70°C | | 190 | 


. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 


. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 

. Not more than one cutput should be shorted at a time. Duration of the short circuit test should not exceed one second. 
. These input levels provide no guaranteed noise immunity and should only be tested in a static-, noise-free environment. 
. Minimum icc is at maximum temperature. 


ak OND = 
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Am2932 SWITCHING CHARACTERISTICS 













Tables A, B, C and D define the timing characteristics of the Am2932. Measurements are made at 1.5V with Vij, = OV and 
Vin = 3.0V. For three-state disable tests, C_ = 5.0pF and measurement is to 0.5V change on output voltage level. 


1. Typical Room Temperature Performance. 
Voc = 5.0V, Ta = 25°C ® 


Minimum Clock HIGH Time | 20ns | 


TABLE IA TABLE IC TABLE ID 
Clock Characteristics. Combinational Propagation Delays. Set-up and Hold Times. All in ns. 
All in ns. All relative to clock 
Outputs fully loaded. C, = SOpF. 
[_Minimum Clock HIGH Time | 














Ci+4 
(Note 1) 
TABLE IB 
Output Enable/Disable Times. 
All in ns. 








C,. = 5.0pF for output disable tests. 


To | Enable | Disable 
[ To | Enable | Disable | Notes: 1. Instructions 5, 7, 11, 12, 13, 14. 
a 2. All instructions except 5, 7, 11, 12, 13, 14. 





ll. Guaranteed Performance Over Commercial Operating Range. 
Voc = 4.75 to 5.25V, Ta = 0 to 70°C 


TABLE IIA TABLE IIC . TABLE IID 
Clock Characteristics. Combinational Propagation Delays. Set-up and Hold Times. All in ns. 
All in ns. All relative to clock 
Outputs fully loaded. CL = 50pF. LOW-to-HIGH transition. 


Minimum Clock HIGH Time | 3ans | 














Ci+4 Ci+4 
Crh+4 | (Note 1) | (Note 2) 
TABLE IIB 
Output Enable/Disable Times. 
All in ns. 








C, = 5.0pF for output disable tests. 


To | Enable | Disab! ‘on 
Notes: 1. Instructions 5, 7, 11, 12, 13, 14. 


Fy} 8 | 2. All instructions except 5, 7, 11, 12, 13, 14. 











I. Guaranteed Performance Over Military Operating Range. 
Voc = 4.5 to 5.5V, To = --55 to +125°C 


TABLE IIIA TABLE Ilic TABLE IID 
Clock Characteristics. Combinational Propagation Delays. Set-up and Hold Times. All in ns. 


All in ns. Ail relative to clock 
_|_Minimum Clock LOW Time | 36ns | Outputs fully loaded. C, = 50pF. LOW-to-HIGH transition. 
Minimum Clock HIGH Time | 36ns | 


Ciig | Ci+4 
(Note 1) | (Note 2) 


Set-up | Hold 
Time Time 





87 
TABLE llIB a 
Output Enable/Disable Times. 
a zc 
C. = 5.0pF for output disable tests. 
ai 


T Enable | Disable 
Notes: 1. instructions 5, 7, 11, 12, 13, 14. 


fy | 3 | 2. All instructions except 5, 7, 11, 12, 13, 14. 
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Figure 1. Typical 16-Bit Microcomputer Design. 
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APPLICATIONS 


The Am2932 is shown in a typical 16-bit,.2900 Microcomputer 
design in Figure 1. : 


PIN DEFINITIONS 


19.3 The four Instruction control lines to the Am2932, 
used to establish data paths and enable internal 
registers. 


Cy The carry-in to the Full Adder. 
Cn+4 Thecarry-out of the Full Adder. 


The Direct inputs (D) of the Am2932 are derived from one of 
_three sources: the Instruction Register, the Data Bus via a 16- 
bit register (two Am2920 8-bit Registers), and the output of 
the Am2901s via a 16-bit register. 

The Address outputs (Y) of the Am2932 are passed to the 
address bus. 


Cj The carry-in to the program counter incrementer. 
Cj+4 The carry-out of the program counter incrementer. 


Yo-3 The four address outputs of the Am2932. These are 
three-state output lines. When enabled, they display 
the outputs of the Full Adder. 


The Cy+4 output can be wired to the next higher Cy input to 
provide ripple block arithmetic. 


The control inputs of the Am2932 (I9.3, Cj and Cry of the least 


significant device) are shown originating at the Pipeline Register. Do-3 The four Direct inputs which are used as inputs to the 


Auxiliary Register, the RAM, and the Full Adder, 
under instruction control. 


Full The Full output is LOW when the LIFO stack is full 
— during and after the 17th push operation. 


cP The clock input to the Am2932. All internal reg- 
isters (R, SP, PC) and the RAM are updated on the 
LOW-to-HIGH transition of the clock input. 


Do Dy Dz Dg Dg Dg Dg D7 Dg Dg Dqq D443 D412 D43D74 015 










Do Dy D2 D Dg Dy Dz D3 
1 D2 Dg 0 Dy D2 






lo 
oe 
12 Am2932 











Am2932 Am2932 






Ca 
Cn+4 







cP cP 
Yo Y1 Y2 Y3 Yo Y1 Y2 Y3 





cp 


Yo Y1 Y2 Y3 Ya Y5 Ye Y7 Ys Y9Yi0Y11 ¥12 13 Y14Y15 


lo INSTRUCTION . Y OUTPUTS 


Do Dy Dz Dg 





LoL RESET “or 

LH SUSPEND Z (HIGH IMPEDANCE) 

HL PUSHD SEE NOTE 1 Yo Y1¥2 ¥ siase 
HH POP S TOP OF STACK 





Equivalent Logic Symbol for 
Am2932 with Io, 13 Grounded 


Figure shows the use of four Am2932s as a 17-word by 16-bit LIFO stack by grounding I9 and I3. 
The effect of grounding 1g is shown in Figure 3. 


Note 1. During this instruction, PC is placed on the Y outputs. If Cj is held LOW, the Y outputs will be LOW for this 
instruction after the device is initialized with a Reset instruction. 


Figure 2. Application of Four Am2932s as a 17-Word by 16-Bit LIFO Stack. 
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INSTRUCTION 


I2 14 Ilo 















"Do Dy Dz D3 L LoL RESET 
L L oH SUSPEND 
L H L PUSH D 
Am2932 i L H H POPS 
Ls 17X4 H L-L L FETCH PC 
Cie. POINTER 
iy eae STACKS) H L H JUMP D 
Yo ¥1 Yo Ya H HL PUSH PC 
H H H RETURNS 





RST* 

Orn ISR Poze! 
INCc* 

Figure 3. Equivalent Circuit of Am2932 with 13 Grounded. 
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ORDERING INFORMATION 


Package Operating 





Am2932 Type Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 
AM2932PC P-20 Cc C-1 
AM2932DC D-20 Cc C-1 
AM2932DC-B D-20 Cc B-2 (Note 4) 
AM2932DM D-20 M C-3 
AM2932DMB D-20 M B-3 
AM2932FM F-20 M C-3 
AM2932FMB F-20 M B-3 
AM2932XG Dia Cc Visual inspection 
AM2932XM Dice M oe eeide vies 

Method 2010B. 
Notes: 


1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following 
letter is number of leads. See Appendix B for detailed outline. Where 
Appendix B contains several dash numbers, any of the variations of 
the package may be used unless otherwise specified. 

2. C = 0 to 70°C, Voc = 4.75 to 5.25V 
M = —55 to +125°C, Voc = 4.50 to 5.50V 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform 
to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 

4. 96 hour burn-in. 
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DMA Address Generator . 


DISTINCTIVE CHARACTERISTICS 


e DMA Address Generation 
Generates memory address, word count and DONE signal for 
DMA transfer operation. 
e Expandable Eight-bit Slice 
Any number of Am2940’s can be cascaded to form larger 
memory addresses — three devices address 16 megawords. 
@ Repeat Data Transfer Capability 
Initial memory address and word count are saved so that the 
data transfer can be repeated. 
@ Programmable Control Modes 
Provides four types of DMA transfer control plus memory 
address increment/decrement. 
@ High Speed, Bipolar LSI 


Advanced Low-Power Schottky TTL technology provides typi- . 


cal CLOCK to DONE propagation delay of 50ns and 24mA 
output current sink capability. 


@ Microprogrammable 
Executes 8 different instructions. 


BLOCK DIAGRAM 


ADDRESS REGISTER 





ADDRESS 
© (Ag) 


INSTRUCTION 
(lg=!a) 


Am2940 DMA Address Generator 






GENERAL DESCRIPTION 


The Am2940, a 28-pin member of Advanced Micro Devices 
Am2900 family of Low-Power Schottky bipolar LSI chips, is a 


' high-speed, cascadable, eight-bit wide Direct Memory Access 


Address Generator slice. Any number of Am2940’s can be cas- 
caded to form larger addresses. 


The primary function of the device is to generate sequential 
memory addresses for use in the sequential transfer of data to or 
from a memory. It also maintains a data word count and gener- 
ates a DONE signal when a programmable terminal count has 


_ been reached. The device is designed for use in peripheral con- 


trollers with DMA capability or in any other system which transfers 
data to or from sequential locations of a memory. 


The Am2940 can be programmed to increment or decrement the 
memory address in any of four control modes, and’executes eight 
different instructions. The initial address and word count are 
saved internally by the Am2940 so that they can be restored later 
in order to repeat the data transfer operation. 


WORD COUNT 
REGISTER 


CONTROL 
REG 









DATA MULTIPLEXER 
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Am2940 ARCHITECTURE 


As shown in the Block Diagram, the Am2940 consists of the 

following: 

A three-bit Control Register. 

An eight-bit Address Counter with input multiplexer. 

An eight-bit Address Register. 

An eight-bit Word Counter with input multiplexer. 

An eight-bit Word Count Register. 

Transfer complete circuitry. 

An eight-bit wide data multiplexer with three-state output buff- 

ers. 

e@ Three-state address output buffers with external output enable 
control. 

@ An instruction decoder. 





Control Register 


Under instruction control, the: Control Register can be loaded or 
read from the bidirectional DATA lines Dg-D7. Control Register 
bits O and 1 determine the Am2940 Control Mode, and bit 2 
determines whether the Address Counter increments or decre- 
ments. Figure 1 defines the Control Register format. 


Address Counter 


The Address Counter, which provides the current memory ad- 
dress, is an eight-bit, binary, up/down counter with full look-ahead 
carry generation. The Address Carry input (ACI) and Address 
Carry Output (ACO) allow cascading to accommodate larger 
addresses. Under instructiori control, the Address Counter can 
be enabled, disabled, and loaded from the DATA inputs, Dg-D7, or 
the Address Register. When enabled and the ACI input is LOW, 
the Address Counter increments/decrements on the LOW to 
HIGH transition of the CLOCK input, CP. The Address Counter 
output can be enabled onto the three-state ADDRESS outputs 
Ao-Az under control of the Output Enable input, OE,. 


Address Register 


The eight-bit Address Register saves the initial address so that it 
can be restored later in order to repeat a transfer operation. When 
the LOAD ADDRESS instruction is executed, the Address Regis- 
ter and Address Counter are simultaneously loaded from the 
DATA inputs, Dg-D7. 


CRe 


Control Mode 
Number 


Word Count Equals Zero 






Control 
Mode Type 


Word Counter and Word Count Register 


The Word Counter and Word Count Register, which maintain and 
save a word count, are similar in structure and operation to the 
Address Counter and Address Register, with the exception that 
the Word Counter increments in Control Modes 1 and 3, decre- 
ments in Control Mode 0, and is disabled in Control Mode 2. The 
LOAD WORD COUNT instruction simultaneously loads the Word 
Counter and Word Count Register. 


Transfer Complete Circuitry 


The Transfer Complete Circuitry is a combinational logic network 
which detects the completion of the data transfer operation in 
three Control Modes and generates the DONE output signal. The 
DONE signal is a open-collector output, which can be dot-anded 
between chips. 


Data Multiplexer \ 


The Data Multiplexer is an eight-bit wide, 3-input multiplexer 
which allows the Address Counter, Word Counter, and Control 
Register to be read at the DATA lines, Do-D7. The Data Mul- 
tiplexer and three-state Data output buffers are instruction.con- 
trolled. 


Address Output Buffers 


The three-state Address Output Buffers allow the Address 
Counter output to be enabled onto the ADDRESS lines, Ap-A7, 
under external control. When the Output Enable input, OE,, is 
LOW, the Address output buffers are enabled; when OE, is 
HIGH, the ADDRESS lines are in the high-impedance state. The 
address and Data Output Buffers can sink 24mA output current 
over the commercial operating range. 


Instruction Decoder 


The Instruction Decoder generates required internal control sig- 
nals as a function of the INSTRUCTION inputs, Ip-l2 and Control 
Register bits 0 and 1. 


Clock 


The CLOCK input, CP is used to clock the Address Register, 
Address Counter, Word Count Register, Word Counter, and Con- 
trol Register, all on the LOW to HIGH transition of the CP signal. 


Control Register 


CRo 







Word ___ DONE Output Signal 
Counter |" Wei=tow [Woi= WGH | 


HIGH when HIGH when 
Word Counter = 1 Word Counter = 0 










Decrement 








Word Count Compare 

















HIGH when HIGH when 
Word Counter + 1 Word Counter 
= Word Count Reg. = Word Count Reg. 





Increment 








Address Compare 








Hold HIGH when Word Counter = Address Counter 














Word Counter Carry Out 










| CRo | Address Counter 
Increment 
Decrement 


Figure 1. Control Register Format Definition. | 
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Am2940 CONTROL MODES 





Control Mode 0 — Word Count Equals Zero Mode 


In this mode, the LOAD WORD COUNT instruction loads the 
word count into the Word Count Register and Word Counter. 
When the Word Counter is enabled and the Word Counter 
Carry-in, WCI, is LOW, the Word Counter increments on the LOW 
to HIGH transition of the clock input, CP. Figure 1 specifies when 
the DONE signal is generated. 


Contro! Mode 1 — Word Count Compare Mode 


in this mode the LOAD WORD COUNT instruction loads the word 
count into the Word Count Register and clears the Word Counter. 
When the Word Counter is enabled and the Word Counter 
Carry-in WCi, is LOW, the Word Counter increments on the LOW 
to HIGH transition of the clock input, CP. Figure 1 specifies when 
the DONE signal is generated. 


Control Mode 2 — Address Compare Mode 


In this mode, only an initial and final memory address need be 
specified. The initial Memory Address is loaded into the Address 
Register and Address Counter and the final memory address is 
loaded into the Word Count Register and Word Counter. The 
Word Counter is always disabled in this mode and serves as a 
holding register for the final memory address. When the Address 
Counter is enabled and the ACI input is LOW, the Address 
Counter increments or decrements (depending on Control Regis- 
ter bit 2) on the LOW to HIGH transition of the CLOCK input, CP. 
The Transfer Complete Circuitry compares the Address Counter 
with the Word Counter and generates the DONE signal during the 
last word transfer, i.e. when the Address Counter equals the. 
Word Counter. 


Control Mode 3 — Word Counter Carry Out Mode 


For this mode of operation, the user can load the Word Count 
Register and Word Counter with the two’s complement of the 
number of data words to be transferred. When the Word Counter 
is enabled and the WCI input is LOW, the Word Counter incre- 
ments on the LOW to HIGH transition of the CLOCK input, CP. A 
Word Counter Carry Out signal, WCO, indicates the last data 
word is being transferred. The DONE signal is not required in this 
mode and, therefore, is always LOW. 


Am2940 INSTRUCTIONS 


The Am2940 instruction set consists of eight instructions. Six 
instructions load and read the Address Counter, Word Counter 
and Control Register, one instruction enables the Address and 
Word counters, and one instruction reinitializes the Address and 
Word Counters. The function of the REINITIALIZE COUNTERS, 
LOAD WORD COUNT, and ENABLE COUNTERS instructions 
varies with the Control Mode being utilized. Table 1 defines the 
Am2940 Instructions as a function of Instruction inputs ip-lp and 
the four Am2940 Control Modes. 


The WRITE CONTROL REGISTER instruction writes DATA 
input Do-Dz into the Control Register; DATA inputs D3-D7 are 
“don’t care” inputs for this instruction. The READ CONTROL 
REGISTER instruction gates the Control Register outputs to 
DATA lines, Do-Dz. DATA lines D3-D7 are in the HIGH state 
during this instruction. 


The Word Counter can be read using the READ WORD 
COUNTER instruction, which gates the Word Counter outputs to 
DATA lines Dp-D7. The LOAD WORD COUNT instruction is 
Control Mode dependent. In Control Modes 0, 2, and 3, DATA 
inputs Do-D7 are written into both the Word Count Register and 
Word Counter. In Control Mode 1, DATA inputs Do-D7 are written 
into the Word Count Register and the Word Counter is cleared. 


The READ ADDRESS COUNTER instruction gates the Address 
Counter outputs to DATA lines Dp-D7, and the LOAD ADDRESS 
instruction writes DATA inputs Do-D7 into both the Address Reg- 
ister and Address Counter. 


In Control Modes 0, 1, and 3, the ENABLE COUNTERS instruc- 
tion enables both the Address and Word Counters; in Control 
Mode 2, the Address Counter is enabled and the Word Counter 
holds its contents. When enabled and the carry input is active, the 
counters increment on the LOW to HIGH transition of the CLOCK 
input, CP. Thus, with this instruction applied, counting can be 
controlled by the carry inputs. 


The REINITIALIZE COUNTERS insiruction also is Control Mode 
dependent. In Control Modes 0, 2, and 3, the contents of the 
Address Register and Word Count Register are transferred to the 
respective Address Counter and Word Counter; in Control Mode 
1, the content of the Address Register is transferred to the Ad- 
dress Counter and the Word Counter is cleared. The 
REINITIALIZE COUNTERS instruction allows a data transfer 
operation to be repeated without reloading the address and word 
count from the DATA lines. 


TABLE I. Am2940 INSTRUCTIONS 




















































































































Octal | Contro! Word Address Address Control Data 
Code Function |Mnemonic} Mode Counter Reg. Counter Register Do-D7 
WRITE 
0) CONTROL WRCR Do-Do> CR | INPUT 
7 st REGISTER| ; MEAN Reece Rib eeertn ee - 
READ 
1 CONTROL ROCR 0,1,2,3 HOLD CR~+Dg-Da 
__| Reeisten | | tote 
READ 
2 WORD RDWC 0,1,2,3 HOLD wc-D 
53) [COUNTER jo etal oe ‘ 
READ 
3 ADDRESS RDAC 0,1,2,3 HOLD AC>D 
COUNTER ltt _ ae i _ 
Tg ~T REINITIALIZE REIN 0, 2,3 WCR>WC [ HOLD _ / | HOLD 4 Zz 4 
COUNTERS p ZERO>WC | HOLD AR->AC HOLD Zz 
‘ Fe ih LOADS. {| aes i) | inp 
HL Hf = i ADDRESS ee eee os HOLD | aaa ne HOLD UT 2 
1% LOA 0,2,3 DWC E HOLD HOLD HOLD INPUT 
6 WORD LDWC --- ee - a ae —-4 
COUNT ZERO-WC | HOLD HOLD _ HOLD INPUT 
i anna (ae ENABLE | ENABLE 
0,1,3 COUNT HOLD COUNT HOLD 
H HH 7 ENABLE ENCT eetnaS = = as ~—- 
COUNTERS 2 HOLD HOLD ENABLE HOLD Z 
phe esti neg td ; ne ____ | COUNT 











WCR = Word Count Reg. 
WC = Word Counter 
D = Data 


CR = Control Reg. 
AR = Address Reg. 
AC = Address Counter 


Note 1: 
Data Bits D3-D7 are high during this instruction. 


H = HIGH 
Z = High Impedance 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature <s, ae —65°C to +150°C 
Temperature (Ambient) Under Bias -55°C to +125°C 
Supply Voltage to Ground Potential - —0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State —0.5V to Veg max. 
DC Input Voltage —0.5V to +5.5V 


DC Output Current, into Outputs 30mA 
DC Input Current —30mA to +5.0mA 











OPERATING RANGE 
P/N - Range. Temperature Voc 


Am2940PC, DC | COM'L Ta = 0°C.to +70°C Voc = 5.0V +5% (MIN. = 4.75V MAX. = 5.25V) 
Am2940DM, FM ; MIL To = —55° to +125°C | Voc = 5.0V +10% 


(MIN. = 4.50V MAX. = 5.50V) 
DC CHARACTERISTICS OVER OPERATING RANGE. Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Voc = MIN., MIL lon = —1.0mMA 24 Volts 
Vin = Vin or Vit COM'L Igy = —2.6mA _ 


MIL Io, = 8.0mMA 
WED REO COM'L Io, = 12mA 


0.5 Volts 
Ao—7, Do—7 MIL Io, = 16mA 


DONE COM'L Io, = 24mA 






































Output HIGH Voltage 











Voc = MIN., 
Vin = Vin of Vit 
(Note 5) 









Output LOW Voltage 












































































































Input HIGH Level (Note 4) Guaranteed Input Logica! HIGH voltage for all inputs 2.0 ; Volts 
Input LOW Level (Note 4) Guaranteed Input Logical LOW voltage for alt inputs ae 
__Input Clamp Voltage Voc = MIN., ly = —18mA 7 _| Volts 
Input LOW Current Voc = MAX., Vin, = 0.5V sis ——T—~- mA 
ph Sn a SS 7a = 
_ Output Leakage on DONE Voc. = MAX., Vo = 5.5V | | ; pA 
Input HIGH Current _ Voc = MAX., Vin = 5.5V __ - mA 
Output Short Circuit Current 2 e 
(Note 3) Voc = MAX. + 0.5V, Vo = 0.5V —30 mA 
Ao-7 
Vout = 0.5V 
Voc = MAX. Do-7 
oes OFF Current OE = 24V rae - BA 
Vout = 2.4V 
Do-7 z 
Ta = 25°C 170 
; Ta = 0°C to +70°C 
A Pi ? 
Power Supply Current enceoe Ta = +70°C mA 
To = —55°C to +125°C 
2: eee (ae 
Am2940DM, FM To = 41250 





. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 

. Not'more than one output should be shorted‘at a time. Duration of the short circuit test should not exceed one second. 

. These input levels provide no guaranteed noise immunity and should only be tested in a static-, noise-free environment. 

~ log limit on Aj and Dj (i = 0 to 7) applies to either output individually, but not both at the same time. The sum of the loading on A; plus D; 
is limited to 24mA MIL or 32mA COM'L. 


Notes: 


QrOND 
















OOO OA, 
ieee 


LIRIK RED 


TR 
SRR RRR 
BEXLEY 


S2 






1.5V 1.5V 













AT LEAST 23ns . 
L— ‘vires See Tables A for t, and t, for various 
CLOC: 


OUTPUT DECAY. OUTPUT DELAY inputs. See Tables B for combinational 
SRRERKRRRR RN TEKKEN} —= delays from clock and other inputs to 
ARAN), y: p' 


‘ 
PRR RRR KR 
EMAL outputs. 
























OUTPUTS 





MPR-728 





Figure 2. Switching Waveforms. 
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SWITCHING CHARACTERISTICS 


The tables below define the Am2940 switching characteristics. Tables A are set-up and hold times relative to the clock 
LOW-to-HIGH transition. Tables B are combinational delays. Tables C are clock requirements. All measurements are made 
at 1.5V with input levels at OV or 3V. All values are in ns with C, = 50pF except output disable times (OE to A and | to D) 
which are specified for a 5pF load. All times are in ns. 


1. TYPICAL ROOM TEMPERATURE CHARACTERISTICS (Ta = 25°C, Vcc = 5.0V, C, = 50pF) 


A. Set-up and Hold Times B. Combinational Delays C. Clock Requirements 
(Relative to clock 
LOW-to-HIGH transition) 


Minimum Clock LOW Time 
Minimum Clock HIGH Time 











Maximum Clock Frequency 


D. Enable/Disable Times 


Poon Te [ouaie [eee 


2 Do.7 
Ao-7 


ll. GUARANTEED ROOM TEMPERATURE CHARACTERISTICS (Ta = 25°C, Vcc = 5.0V, C_ = SOpF): 





































A. Set-up and Hold Times B. Combinational Delays C. Clock Requirements 
(Relative to clock 
LOW-to-HIGH transition) 










Minimum Clock LOW Time 
Minimum Clock HIGH Time 








Maximum Clock Frequency 























Ill. GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 
Am2940PC, DC (T, = 0°C to +70°C, Voc = 4.75V to 5.25V, C, = 50pF) 


A. Set-up and Hold Times B. Combinational Delays C. Clock Requirements: 
(Relative to clock 
LOW-to-HIGH transition) 



































IV. GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 
Am2940DM, FM (Tc = —55°C to +125°C, Voc = 4.5V to 5.5V, C, = 50pF) 


A. Set-up and Hold Times B. Combinational Delays C. Clock Requirements 
(Relative to clock 
LOW-to-HIGH transition) 


Minimum Clock LOW Time 


Minimum C Clock HIGH Time 








Maximum Clock Frequency 





[sen [ve [oie [eT 


oe jeans)” 62 2 
Ao.7 





Notes: 1. Control modes 0, 1, and 3 only. 
2. WCI to Done occurs only in control modes 0 and 1. 
3. CP to Done occurs only in control modes 0, 1, and 2. 
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APPLICATIONS 


The Am2940 is designed for use in peripheral controllers with 
DMA capability or in any other system which transfers data to or 
from sequential locations of a memory. One or more Am2940’s 
can be used in each peripheral controller of a distributed DMA 
system to provide the memory address and word count required 
for DMA operation. 


Figure 3 shows a block diagram of an example micropro- 
grammed DMA peripheral controller. The Am2910 Micropro- 
gram Sequencer, Microprogram Memory, and the Microin- 
struction Register form the microprogram control portion of 
this peripheral controller. The Am2940 generates the memory 
address and maintains the word count required for DMA op- 
eration. An internal three-state bus provides the communi- 
cation path between the Microinstruction Register, the 
Am2917 Data Transceivers, the Am2940, the Am2901A Mi- 
croprocessor, and the Device Interface Circuitry. 






Am2910 
‘units MICROPROGRAM 
SEQUENCER 


MICROPROGRAM 
MEMORY 
MICROINSTRUCTION 
REGISTER 


2 MICRO- 
PROGRAM 


CONTROL 






——— 


Am2801A 
ALU’s 





< SYSTEM ADDRESS BUS 


SYSTEM DATA BUS 


COMMAND 
REGISTER |. 


Am2940 






The Am2940 interconnections are shown in detail in Figure 4. 
Two Am2940’s are cascaded to generate a sixteen-bit address. 
The Am2940 ADDRESS and DATA output current sink capability 
is 24mA over the commercial operating range. This allows the 
Am2940’s to drive the System Address Bus and internal Three- 
State Bus directly, thereby eliminating the need for separate bus 
drivers. Three-bits in the Microinstruction Register provide the 
Am2940 Instruction inputs, Ip-l2. The microprogram clock is used 
to clock the Am2940’s and, when the ENABLE COUNTERS 
instruction is applied, address and word counting is controlled by 
the CNT bit of the Microinstruction Register. 


Asynchronous interface control circuitry generates System Bus 
control signals and enables the Am2940 Address onto the Sys- 
tem Address Bus at the appropriate time. The open-collector 
DONE outputs are dot-anded and used as a test input to the 
Armm2910 Microprogram Sequencer. 





















Am2940 
DMA ADDRESS 
GENERATORS 


Am2917A 
DATA 
TRANSCEIVERS 














INTERNAL 3—STATE BUS 







DEVICE 
INTERFACE 
CIRCUITS 







DEVICE 





Figure 3. DMA Peripheral Controller Block Diagram. 
MPR-229 
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TEST 
INPUT +5V 






ive) 
5 
ra) 
ma 
be 
4 
a 
= 
Us 
7 
> 
n 


INTERNAL 3—STATE BUS 
SYSTEM ADDRESS BUS 











MICROPROGRAM ASYNCHRONOUS 




















————"_ INTERFACE 
ae INTERFACE CONTROL 
CIRCUITRY SIGNALS 
Figure 4. Am2940 Interconnections. 
MPR-230 
ORDERING INFORMATION METALLIZATION AND PAD LAYOUT 


Order the part number according to the table below to obtain the desired 
package, temperature range, and screening level. 

























































































Package Operating Screening 
Type Range Level 
Order Number (Note 1) (Note 2) (Note 3) : zs 
AM2940PC P-28 Cc C-1 z 
AM2940DC D-28 Cc C-1 
AM2940DC-B D-28 Cc B-2 (Note 4) : = 24 
AM2940DM D-28 M C-3 — = 
AM2940DM-B _—D-28 M B-3 = ae _ 
AM2940FM F-28-2 M C-3 Ga eg 2 
AM2940FM-B F-28-2 M B-3 . == 
AM2940XC Dice Cc Visual inspection 
AM2940XM Dice M ie MIS Dees 
Method 2010B. . 
ws 10 
1 
- 21 
Notes: 20 








1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following 
letter is number of leads. See Appendix B for detailed outline. Where 
Appendix B contains several dash numbers, any of the variations of 
the package may be used unless otherwise specified. 

2. C = O°C to +70°C, Voc = 4.75V to 5.25V. 

M = —55°C to + 125°C, Voc = 4.50V to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform 

to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, Note: Numbers refer to DIP pin connections. 


Secon DIE SIZE: 0.178” X 0.181” 








12 13 14 #15 16 #17 #18 «19 
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Programmable Timer/Counter 
DMA Address Generator 





















DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION 





@ 22-pin version of Am2940 — The Am2942, a 22-pin version of the Am2940, can be used 
Provides multiplexed Address and Data lines plus addi- as a high-speed DMA Address Generator or Programmable 
tional Instruction Input and Instruction Enable pins. Timer/Counter. It provides multiplexed Address and Data 

@ Can be used as either DMA Address Generator or Pro- lines, for use with a common bus, and additional Instruction 

grammable Timer Counter. Input and Instruction Enable pins. The Am2942 executes 16 

@ Executes 16 instructions — instructions; eight are the same as the Am2940 instructions, 
Eight DMA instructions plus eight Timer/Counter instruc- and eight instructions facilitate the use of the Am2942 as a 
tions Programmable Timer/Counter. The Instruction Enabie input 

e@ Provides two independent programmable 8-bit up/down aliows the sharing of the Am2942 instruction field with other 

counters in a 22-pin package — devices. 
Counters can be cascaded to form single-chip 16-bit up/ When used as a Timer/Counter, the Am2942 provides two in- 
down counter. dependent, programmable, eight-bit, up-down counters in a 


© Reinitialize capability — 
Counters can be reinitialized from on-chip registers. 
Expandable eight-bit slice — 
Any number of Am2942s can be cascaded. Three de- 
vices provide a 48 bit counter. 


22-pin package. The two on-chip counters can be cascaded to 
form a single chip, 16-bit counter. Also, any number of chips 
can be cascaded — for example three cascaded Am2942s 
form a 48-bit timer/counter. 





e Programmable control modes — Reinitialization instructions provide the capability to reinitialize 
Provide four types of control. the counters from on-chip registers. Am2942 Programmable 
@ High speed bipolar LSI — Control Modes, identical to those of the Am2940, offer four 
Advanced Low-Power Schottky TTL technology provides |  “lifferent types of programmable control. 
typical count frequency of 25MHz and 24mA output cur- 
rent sink capability. 
BLOCK DIAGRAM 
ADDRESS WORD COUNT 
REGISTER REGISTER 
0 7 
MULTIPLEXER | MULTIPLEXER 
8 0 7 0 
ACi ACO WCi 
ADDRESS WORD CONTROL 
aa COUNTER = Ss COUNTER 
0 7 0 
TRANSFER COMPLETE DATA MULTIPLEXER 
CIRCUITRY YorY7 
~ - | j | 
DATA Dx ° DONE 
(Dg-D7) BA <4 8 


INSTRUCTION (“> 
ENABLE (Ig) 







INSTRUCTION 
DECODE 





INSTRUCTION [> 
(lg-tg) 


CLOCK [ >_< >= 
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Am2942 ARCHITECTURE 


As shown in the Block Diagram, the Am2942 consists of the 
following: 

e A three-bit Control Register. 

@ An eight-bit Address Counter with input multiplexer. 

e An eight-bit Address Register. 

@ An eight-bit Word Counter with input multiplexer. 

e@ 

e 

e 





An eight-bit Word Count Register. 
Transfer complete circuitry. 
An eight-bit wide data multiplexer with three-state output 
buffers. 
@ An instruction decoder. 


Control Register 


Under instruction control, the Control Register can be loaded 
or read from the bidirectional DATA lines Dg-D7. Control Re- 
gister bits 0 and 1 determine: the Am2942 Control Mode, and 
bit 2 determines whether the Address Counter increments or 
decrements. Figure 1 defines the Control Register format. 


Address Counter 


The Address Counter, which provides the current memory ad- 
dress, is an eight-bit, binary, up/down counter with full look- 
ahead carry generation. The Address Carry input (ACI) and 
Address Carry Output (ACO) allow cascading to accommo- 
date larger addresses. Under instruction control, the Address 
Counter can be enabled, disabled, and loaded from the DATA 
inputs, Do-D7, or the Address Register. When enabled‘ and 
the ACI input is LOW, the Address Counter increments/ 
decrements on the LOW to HIGH transition of the CLOCK in- 
put, CP. 


Address Register 


The eight-bit Address Register saves the initial address so 

that it can be restored later in order to repeat a transfer oper- 

ation. When the LOAD ADDRESS instruction is executed, the 

Address Register and Address Counter are simultaneously 
loaded from the DATA inputs, Dg-D7. 


Control 
Mode Type 


Word Count Equals Zero 








Decrement 


Word Counter and Word Count Register 


The Word Counter and Word Count Register, which maintain 
and save a word count, are similar in structure and operation 
to the Address Counter and Address Register, with the excep- 
tion that the Word Counter increments in Control Modes 1 
and 3, and decrements in Control Modes 0 and 2. The LOAD 
WORD COUNT instruction simultaneously loads the Word 
Counter and Word Count Register. 


Transfer Complete Circuitry 


The Transfer Complete Circuitry isa combinational logic net- 
work which detects the completion of the data transfer opera- 
tion in three Control Modes and generates the DONE output 
signal. The DONE signal is a open-collector output, which can 
be dot-anded between chips. ° 


Data Multiplexer 


The Data Multiplexer is an eight-bit wide, three-input multip- 
lexer which allows the Address Counter, Word Counter and 
Control Register to be read at DATA lines Dg-D7. The Data Mul- 
tiplexer output, Yo-Y7, is enabled onto DATA lines Do_7 if and 
only if the Output Enable input, OEp, is LOW. (Refer to Figure 
2.) 


Instruction Decoder 


The Instruction Decoder generates required internal control 
signals as a function of the INSTRUCTION inputs, I9-lz Con- 
trol Register bits 0 and 1, and the INSTRUCTION ENABLE 
input, le. 


Clock : 

The CLOCK input, CP is used to clock the Address Register, 
Address Counter, Word Count Register, Word Counter, and 
Control Register, all on the LOW to HIGH transition of the CP 
signal. 





Control Register 






Word DONE Output Signal 


Counter WCi = Low WCI = HIGH 


HIGH when HIGH when 
Word Counter = 1 Word Counter = 0 





















Word Count Compare 





increment 





HIGH when HIGH when 
Word Counter + 1 Word Counter 
= Word Count Reg. = Word Count Reg. 














Address Compare 


Decrement 











HIGH when Word Counter = Address Counter 





Word Counter Carry Out 








Increment 


| CR | Address Counter 





Always LOW 











L Increment 
H Decrement 


Figure 1. Control Register Format Definition. 





Do-D, 


DATA MULTIPLEXER OUTPUT, Yo-Y7 
HIGH Z 





Figure 2. Data Bus Output Enable Function. 
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BLOCK DIAGRAM 






, ADDRESS WORD COUNT 
REGISTER REGISTER 
a 7 - 
MULTIPLEXER MULTIPLEXER 
7 0 



















ADDRESS 
COUNTER 


1 
0 7 





S| 


A 






WORD 
COUNTER 


CONTROL 
REGISTER 


TRANSFER COMPLETE 
CIRCUITRY 






DATA MULTIPLEXER 
Yo:Y7 







OEp 0 oc 
DATA oa O DONE 
(Do-D7) Ba 4 8 


INSTRUCTION 
ENABLE (ic) 


INSTRUCTION 


INSTRUCTION [—> DECODE 


(lo-t3) 


MPR-231 





LOGIC SYMBOL CONNECTION DIAGRAM 


Top View 


Am2942 


INSTRUCTION 





Am2942 









Voc = Pin 22 
GND = Pin 11 








Note: Pin 1 is marked for orientation. 





MPR-232 MPR-233 
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Am2942 CONTROL MODES 





















Control Mode 0 — Word Count Equals Zero Mode 


In this mode, the LOAD WORD COUNT instruction loads the 
word count into the Word Count Register and Word Counter. 
When the Word Counter is enabled and the Word Counter 
Carry-in, WCI, is LOW, the Word Counter decrements on the 
LOW to HIGH transition of the CLOCK input, CP. Figure 1 
specifies when the DONE signal is generated in this mode. 


Control Mode 1 — Word Count Compare Mode 


In this mode the LOAD WORD COUNT instruction loads the word 
count into the Word Count Register and clears the Word Counter. 
When the Word Counter is enabled and the Word Counter 
Carry-in, WCI, is LOW, the Word Counter increments on the LOW 
to HIGH transition of the cloc« input, CP. Figure 1 specifies when 
the DONE signal is generated. 


Control Mode 2 — Address Compare Mode 


In this mode, only an initia! and final memory address need 
to be specified. The initial Memory Address is loaded into the 
Address Register and Address Counter and the final memory 








address is loaded into the Word Count Register and Word 
Counter. The Word Counter is always disabled in this mode 
and serves as a holding register for the final memory address. 
When the Address Counter is enabled and the ACI input is 
LOW, the Address Counter increments or decrements (de- 
pending on Control Register bit 2) on the LOW to HIGH trans- 
ition of the CLOCK input, CP. The Transfer Complete Circuitry 
compares the Address Counter with the Word Counter and 
generates the DONE signal during the last word transfer, i.e. 
when the Address Counter equals the Word Counter. 


Control Mode 3 — Word Counter Carry Out Mode 


For this mode of operation, the user can load the Word Count 
Register and Word Counter with the two's complement of the 
number of data words to be transferred. When the Word 
Counter is enabled and the WC! input is LOW, the Word 
Counter increments on the LOW to HIGH transition of the 
CLOCK input, CP. A Word Counter Carry Out signal, WCO, 
indicates the last data word is being transferred. The DONE 
signal is not required in this mode and, therefore, is always 
LOW. 
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Am2942 INSTRUCTIONS 


The Am2942 instruction set consists of sixteen instructions. 
Eight are DMA Instructions and are similar to the Am2940 
instructions. The remaining eight instructions are designed to 
facilitate the use of the Am2942 as a Programmable Timer/ 
Counter. Figures 3 and 4 define the Am2942 Instructions. 


Instructions 0-7 are DMA instructions. The WRITE CONTROL 
REGISTER instruction writes DATA input Dg-Dz into the Con- 


-~oocoococjo 
NOOO hONM — OO 


=. 
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Am2942 





transition of the CLOCK input, CP. Thus, with this instruction 
applied, counting can be controlled by the carry inputs. 


The REINITIALIZE COUNTERS instruction also is Control 
Mode dependent. In Control Modes 0, 2, and 3, the contents 
of the Address Register and Word Count Register are trans- 
ferred to the respective Address Counter and Word Counter; 
in Control Mode 1, the content of the Address Register is 
transferred to the Address Counter and the Word Counter is 


WRITE CONTROL REGISTER 
READ CONTROL REGISTER 
READ WORD COUNTER 
READ ADDRESS COUNTER 
REINITIALIZE COUNTERS 
LOAD ADDRESS 

LOAD WORD) COUNT 
ENABLE COUNTERS 
INSTRUCTION DISABLE 


WRITE CONTROL REGISTER, T/C 
REINITIALIZE ADDRESS COUNTER 

READ WORD COUNTER, T/C 

READ ADDRESS COUNTER, T/C 
REINITIALIZE ADDRESS & WORD COUNTERS 
LOAD ADDRESS, T/C 

LOAD WORD COUNT, T/C 

REINITIALIZE WORD COUNTER 
INSTRUCTION DISABLE, T/C 


SNOLLONYLSNI 
vd 


SNOILLONYLSNI 
YSLNNOO/HAWILL 


Notes: 1. When |3 is tied LOW, the Am2942 acts as a DMA circuit: When I3 is tied HIGH, the Am2942 acts 


as a Timer/Counter circuit. 


2. Am2942 instructions 0 through 7 are the same as Am2940 instructions. 


Figure 3. Am2942 Instructions. 


trol Register; DATA inputs D3-D7 are “don’t care” inputs for 
this instruction. The READ CONTROL REGISTER instruction 
gates the Control Register to Data Multiplexer outputs Yo-Y>2 
Outputs Y3-Y7 are HIGH during this instruction. 


The Word Counter can be read using the READ WORD 
COUNTER instruction, which gates the Word Counter to Data 
Multiplexer outputs, Yo-Y7. The LOAD WORD COUNT instruc- 
tion is Control Mode dependent. In Control Modes 0, 2, and 3, 
DATA inputs Dg-D7 are written into both the Word Count Re- 
gister and Word Counter. In Control Mode 1, DATA inputs 
Do-D7 are written into the Word Count Register and the Word 
Counter is cleared. 


The READ ADDRESS COUNTER instruction gates the Ad- 
dress Counter to Data Multiplexer outputs, Yo-Y7, and the 
LOAD ADDRESS instruction writes DATA inputs Dg-D7 into 
both the Address Register and Address Counter. 


‘In Control Modes 0, 1, and 3, the ENABLE COUNTERS in- 
struction enables both the Address and Word Counters; in 
Control Mode 2, the Address Counter is enabled and the 
Word Counter holds its contents. When enabled and the carry 
input is active, the counters increment on the LOW to HIGH 


cleared. The REINITIALIZE COUNTERS instruction allows a 
data transfer operation to be repeated without reloading the 
address and word count from the DATA fines. 


When Tg is HIGH, Instruction inputs, lo-lo, are disabled. If I3 is 
LOW, the function performed is identical to that of the 
ENABLE COUNTERS instruction. Thus, counting can be con- 
trolled by the carry inputs with the ENABLE COUNTERS in- 
struction applied or with Instruction Inputs Ig-lp disabled. 


Instructions 8-F facilitate the use of the Am2942 as a Pro- 
grammable Timer/Counter. They differ from instructions 0-7 in 
that they provide independent control of the Address Counter, 
Word Counter and Control Register. 


The WRITE CONTROL REGISTER, T/C instruction writes 
DATA input Dg-Dz into the Control Register. DATA inputs 
D3-D7 are “don’t care” inputs for this instruction. The Address 
and Word Counters are enabled, and the Control Register 
contents appear at the Data Multiplexer output. 


The REINITIALIZE ADDRESS COUNTER instruction allows 
the independent reinitialization of the Address Counter. The 
Word Counter is enabled and the contents of the Address 
Counter appear at the Data Multiplexer output. 
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The Word Counter can be read, using the READ WORD executed. The Word Counter is enabled and its contents ap- 
COUNTER, T/C instruction. Both counters are enabled when pear at the Data Multiplexer output. 


this instruction Is executed. The LOAD WORD COUNT, T/C instruction is identical to the 
LOAD WORD COUNT instruction with the exception that Ad- 
dress Counter is enabled. 










When the READ ADDRESS COUNTER, 1/C instruction is 

executed, both counters are enabled and the address counter 

contents appear at the Data Multiplexer output. The Word Counter can be independently reinitialized using 
the REINITIALIZE WORD COUNTER instruction. The Ad- 

The REINITIALIZE ADDRESS and WORD COUNTERS in- dress Counter is enabled and the Word Counter contents ap- 

struction provides the capability to reinitialize both counters at Year at the Data Multiplexer output. 

the same time. The Address Counter contents appear at the Data 


When the Ie input is HIGH, Instruction inputs, Ig-l2, are dis- 
Multiplexer output. EOP p onla 


abled. The function performed when |3 is HIGH is identical to 
DATA inputs Do-D7 are loaded into both the Address Register that performed when |3 is LOW, with the exception that the 
and Counter when the LCAD ADDRESS, T/C instruction is Word Counter contents appear at the Data Multiplexer output. 


Data 
Control Word Word Adr. Adr. Control | Multiplexer 
Mode Reg. Counter Reg. Counter Reg. Output 

HOLD HOLD HOLD HOLD Do-2* CR PoRee? 
HIGH 

HOLD HOLD HOLD HOLD HOLD wepliicas 
WORD 

HOLD 


ADR. 
0, 1,2,3 HOLD HOLD HOLD HOLD GER 
0, 2,3 HOLD WR WC HOLD | AR—-AC HOLD ADR. CNTR. 
’ HOLD | zeERO-+Wwc | HOLD AR — AC HOLD ADR. CNTR. 
WORD 
0, 1,2,3 HOLD HOLD p+aAR | D-—+AC Soutien 
D-» WR D~ WC HOLD HOLD HOLD | FORCED HIGH 
pb+w,r | ZERO+-Wwc | HOLD HOLD HOLD | FORCED HIGH 
0, 1,3 HOLD ENABLE HOLD ENABLE ADR. CNTR. 
wer LO _| | HOLD | 
0,1,3 HOLD ENABLE ENABLE HOLO ADR. CNTR. 


HOLD HOLD HOLD | ENABLE HOLD ADR. CNTR. 
HOLO ENABLE HOLD ENABLE hited 































Function 


WRITE CONTROL 
REGISTER 


READ CONTROL 
REGISTER 


READ WORE: 
COUNTER 


READ ADDRESS 
COUNTER 












































REINITIALIZE: 
COUNTERS 








LOAD WORT) 
COUNT 





ENABLE 
COUNTERS 









INSTRUCTION 
DISABLE 












WRITE CONTROL 
REGISTER, T/C 



















































REINITIALIZIE ADR. 
ADR. COUNTER He pdt eid si Pee COUNTER 
READ WORD WORD 
COUNTER, TC HOLD ENABLE ENABLE HOLD COUNTER 

















READ ADDRESS 
COUNTER, T/C 


REINITIALIZE 
ADDRESS AND 


ADR. 


i COUNTER 


HOLD HOLD ADR. CNTR. 
HOLD . AR AC HOLD . ADR. CNTR. 


WORD COUNTERS HOLD 
LDAT HOLD D+aR | D--AC HOLD ‘ poelicle 

nes | 0,2, | D-+WA HOLD | ENABLE HOLD | FORCED HIGH 
ZERO» we | HOLD ENABLE HOLD | FORCED HIGH 

HOLD 
ZERO +we | HOLD ENABLE 
ENABLE HOLD ENABLE WD. CNTR. 
WR = WORD REGISTER AC = ADDRESS COUNTER 


WC = WORD COUNTER CR = CONTROL REGISTER 
AR = ADDRESS REGISTER D = DATA 


HOLD ENABLE ENABLE 






























WR > WC 
ZERO -» WC 




















ENABLE 





ADDRESS, T/C 








LOAD WORID 
COUNT, T/G 





















REINITIALIZE 
WORD COUNTER 


















INSTRUCTICN 
DISABLE, T/C 





Figure 4. Am2942 Function Table. 
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Am2942 
MAXIMUM RATINGS (Above which the useful life may be impaired) 





























Storage Temperature = ~65°C to + 150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential . ‘, ers ~0.5V to +7.0V 
DC Voitage Applied to Outputs for High Output State ~0.5V to Veg max. 
DC Input Voltage ; —0.5V to +5.5V 
DC Output Current, Into Outputs - 30mA 
DC Input Current : —30mA to +5.0mA 
OPERATING RANGE 


P/N Range 
Am2942PC, DC COM'L 
Am2942DM, FM | MIL 


DC CHARACTERISTICS OVER OPERATING RANGE Typ. 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 
Voc = MIN., MIL loy = —1.0mA 

Vin = Vin oF Vit COM'L Ioy = —2.6mA 


—_ MIL Io, = 8.0mA 
WCO, ACO oe 
Voc = MIN., COM'L Io, = 12mA 


Temperature Voc 
Ta = 0°C to +70°C Voc = 5.0V +5% (MIN. = 4.75V MAX. = 5.25V) 
To = —55° to +125°C | Voc = 5.0V +10% (MIN. = 4.50V MAX. = 5.50V) 



















Output HIGH Voltage 








Output LOW Voltage 
= Vv MIL Io, = 16mA 
Vin = Vin or Vit Do_7, DONE OL 


ik COM'L Io, = 24mA 








Input HIGH Level (Note 4) Guaranteed Input Logical HIGH voltage for all inputs 
Guaranteed Input Logical LOW voltage for all inputs 
input Clamp Voltage Voc = MIN., lin = —18MA 


























Input LOW Current Vec = MAX., Vin = 0.5V All Others 


Do-7 
All Others 





Input HIGH Current Voc = MAX., Vin = 2.7V 





Output Leakage on DONE Voc = MAX., Vo = 5.5V 
Input HIGH Current Voc = MAX., Vin = 5.5V 


eee Short Circuit Current Voc = MAX. + 0.5V, Vo = 0.8V 








jote 3) 


= V = 0.5V Do— 
Output OFF Current NGG = MAX. ay — 
OE = 2.4V Vout = 2.4V Do—7 


Ta = 25°C 


| Ta = 0°C to +70°C 
Am2942PC, DC 
Power Supply Current Voc = MAX. ie = +70°C 


= —RO 4 ° 
Am2942DM, FM So eee 
= +125°C 






































Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. ; : 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. These input levels provide no guaranteed noise immunity and should only be tested in a static-, noise-free environment. 













3.0V | 
WOOO at 7 OXXO? 

INPUTS RR RRX ERNE 1 5V 1.5V SRR 
oy AMOR LIESEXYY KY 


3.0V 
CLOCK 
ov 










AT LEAST 23ns See Tables A for t, and t, for various 
INPUT TO inputs. See Tables B for combinational 
OUTPUT DELAY : 
delays from clock and other inputs to 
outputs. 












cLock To 
OUTPUT DELAY 
yore rma 
ouTeUTs NNitsteetineetitaretenaretanert 
RAN KAY RAN RR XY EY 
RK RRR KL 


Ls 










Figure 5. Switching Waveforms. 





MPR-728 
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Am2942 








SWITCHING CHARACTERISTICS 


The tables below define the Am2942 switching characteristics. Tables A are set-up and hold times relative to the clock 
LOW-to-HIGH transition. Tables B are combinational delays. Tables C are clock requirements. All measurements are made at 1.5V 
with input levels at OV cr 3V. All values are inns with C_ = 50pF except output disable times (i to D) which are specified for a S5pF 
load. All times are in ns. 


I. TYPICAL ROOM TEMPERATURE CHARACTERISTICS (T, = 25°C, Vcc = 5.0V, CL = SO0pF) 


A. Set-up and Hold Times B. Combinational Delays C. Clock Requirements 
(Relative to clock ; 


- 
LOW-to-HIGH transition) nen eet Save 


Minimum Clock HIGH Time _ 


Maximum Clock Frequency 


D. Enable/Disable Times 


Fon [Te [owsbie [emai [ 






































ll. GUARANTEED ROOM TEMPERATURE CHARACTERISTICS (Ta = 25°C, Vcc = 5.0V, C. = SOpF) 


A. Set-up and Hold Times B. Combinational Delays C. Clock Requirements 
(Relative to clock 
LOW-to-HIGH transition) 


Minimum Clock LOW Time 

















ee fuel 
oe fost = | = [me 











Ill. GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 
Am2942PC, DC (Ta = 0°C to +70°C, Voc = 4.75V to 5.25V, C, = 50pF) 


A. Set-up and Hold Times z B. Combinational Delays C. Clock Requirements 
(Relative to clock 
LOW-to-HIGH transition) 















Minimum Ciock LOW Time 
Minimum Clock HIGH Time 





ACI 
wcl 




















Maximum Clock Frequency 
= D. Enabie/Disable Times 
Bs. lo2 | = 
CP 











(From [Fo [Disabie| Enanie |_| 
a fo] = |= [a 


(Note 2) 





IV. GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 
Am2942DM, FM (Tc = ~—55°C to +125°C, Voc = 4.5V to 5.5V, C, = SOpF) 


A. Set-up and Hold Times B. Combjnational Delays C. Clock Requirements 


(Relative to clock So AO ce | 


Mini Clock LOW Ti 
LOW-to-HIGH transition) ofall Na = 


Minimum Clock HIGH Time 

















Maximum Clock Frequency 








D. Enable/Disable Times 


ont a eral 
oar] 2 | 0 [ww | 

















Notes: 1. WCI to Done occurs only in control modes 0 and 1. 
2. CP to Done occurs only in control modes 0, 1, and 2. 
















APPLICATIONS 


Figure 6 shows an Am2942 used as two independent, pro- 
grammable eight-bit timer/counters. In this example, an 
Am2910 Microprogram Sequencer provides an address to 
Am27S27 512 x 8 Registered PROMs. The on-chip PROM 
output register is used as the Microinstruction Register. 


The Am2942 Instruction input, Is, is tied HIGH to select the 
eight Timer/Counter instructions. The Ig, Io-l2, and OEp inputs 
are provided by the microinstruction, and the Do-D7 data lines 
are connected to a common Data Bus. GATE WC and GATE 
AC are separate enable controls for the respective Word 
Counter and Address Counter. The DONE, ACO and WCO 





INPUTS 


ie] 
ce) 


= 
ca) 


| 


> 
fe) 
te) 





INPUTS 


OTHER 


















TE tole ig OED 


Figure 7. 16-Bit Programmable Counter/Timer Using a Single Am2942. 


Am2942 





output signals indicate that a pre-programmed time or count 
has been reached. 


Figure 7 shows an Am2942 used as a single 16-bit pro- 
grammable timer/counter. In this example, the Word Counter 
carry-out, WCO, is connected to the Address Counter carry-in, 
ACI, to form a single 16-bit counter which is enabled by the 
GATE signal. 


Figure 8 shows two Am2942s cascaded to form a 32-bit 
programmable timer/counter. The two Word Counters form the 
low order 16 bits, and the two Address Counters form the 
high order bits. This allows the timer/counter to be loaded and 
read 16 bits at a time. 





Do-Dy4 


Am2910 cP 
MICROPROGRAM SEQUENCER 


YorY14 







Am27S2 
REGISTERED PROMS 
MICROINSTRUCTION REG cp 


3) asy DATA BUS 


ig Iyle tg OED Do-D7 


cP CLOCK 


Am2942 


= 
t?] 


GATE WC 


>| 
g 


GATE AC 
DONE 


+5V 


Figure 6. Two 8-Bit Programmable Counters/Timers in a 22-Pin Package. 
MPR-234 





Do-D51 


Am2910 cp 
MICROPROGRAM SEQUENCER 


YorYi4 








Am27S27 
REGISTERED PROMS 


MICROINSTRUCTION REG cP 


+5V DATA BUS 


DoD? op clock 


Am2942 GATE 


DONE 
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Do-Di1 







OTHER 
TEST 
INPUTS 






fared Am2910 
MICROPROGRAM SEQUENCER 


Yo-(Y11 




















Am27S27 
REGISTERED PROMS 


CLOCK 


Figure 8. 32-Bit Programmable Counter/Timer Using Two Am2942s. 
MPR-236 


ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Package Type Operating Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 
AM2942PC P-22 Cc C-1 
AM2942DC D-22 Cc C-1 
AM2942DCTB D-22 Cc B-2 (Note 4) 
AM2942DM D-22 M C-3 
AM2942DN-B D-22 M B-3 
AM2942FM F-22 M C-3 
AM2942FM-B F-22 M B-3 
AM2942XC Dice c Visual inspection 
AM2942XM Dice M to MIL-STD-683 

Method 2010B. 


A 


Notes: 1. P = Molded DIP, 0) = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 
2. C = 0°C to +70°C, Voc = 4.75V to 5.25V, M = — 55°C to +125°C, Voc = 4.50V to 5.50V. 
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 
. 96 hour burn-in. 
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Am2946 « Am2947 


Octal 3-State Bidirectional Bus Transceivers 


DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 


@ 8-bit bidirectional data flow reduces system package count The Am2946 and Am2947 are 8-bit 3-state Schottky transceiv- 
© 3-state inputs/outputs for interfacing with bus-oriented ers. They provide bidirectional drive for bus-oriented micro- 
systems processor and digital communications systems. Straight through 
PNP inputs reduce input loading bidirectional transceivers are featured, with 24mA drive capability 
Voc—1.15V Voy interfaces with TTL, MOS and CMOS on the A ports and 48mA bus drive capability on the B ports. PNP 
48mA, 300pF bus drive capability inputs are incorporated to reduce input loading. 

Am2946 has inverting transceivers 

Am2947 has non-inverting transceivers 
Transmit/Receive and Chip Disable simplify control logic 
20-pin ceramic and molded DIP package 

Low power — 8mA per bidirectional bit 

Advanced Schottky processing 


Bus port stays in hi-impedance state during power up/down. | The output high voltage (Voy) is specified at Vc¢—1.15V 
100% product assurance screening to MIL.-STD-883 minimum to allow interfacing with MOS, CMOS, TTL, ROM, RAM 


requirements or microprocessors. 


One input, Transmit/Receive determines the direction of logic 
signals through the bidirectional transceiver. The Chip Disable 
input disables both A and B ports by placing them in a 3-state 
condition. Chip Disable is functionally the same as an active LOW 
chip select. 


LOGIC DIAGRAM 


Am2946 


DISABLE 
cD 


TRANSMIT/ 
RECEIVE 
T/R 


B3 


Am2947 has non-inverting transceivers. every 


CONNECTION DIAGRAM LOGIC SYMBOL 
Top View 


Ai, Az Ag Ag Ag Ag Az 
Am2946 e Am2947 


Bo By, B2 Bg Ba Bs 


Vec = Pin 20 


Note: Pin 1. is marked for orientation. GND = Pin 10 
BLI-102 BLI-103 
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Am2946 * Am2947 


ORDERING INFORMATION 













Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 








Am2946 Am2947 Package Type Operating Screening Level 
Order Number Order Number (Note 1) (Note 2) (Note 3) 
AM2946PC AM2947PC P-20-1 Cc C-1 
AM2946DC AM2947DC D-20-1 Cc C41 
AM2946DC-B AM2947DC-B D-20-1 Cc B-1 
AM2946DM AM2947DM D-20-1 M C-3 
AM2946DN-B AM2947DM-B D-20-1 M B-3 

Visual inspection 
AM2946XC AM2947XC Dice Cc to MIL-STD-883 


Method 2010B. 





Notes: 

1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. Where Appendix B 
contains several dash numters, any of the variations of the package may be used unless otherwise specified. 

2. C = 0 to 70°C, Voc = 4.78V to 5.25V, M = —55 to + 125°C, Voc = 4.50V to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, Class B. 

4. 96 hour burn-in. 


Metallization and Pad Layouts 


Am2946 Am2947 


















































Ap 17 19 Bo Ay 1 19 Bo 
A, 2 Has — 8 B, A, 2 = 18 By 
Ag. 8 Li ae: — 17 Bz A, 3 —- 17 Bg 
As 4 C — 16 Bg Ag 4 16 By 
A, 5 = —--- 18 B, A, 5 —15 By 
As 6 ih — 14 Bs As 6 14 Bs 
Ag 7 a —- 13 Bs A, 7 13 Bg 
Ay 8 em Ay 8 i 
7 Lan # 
cD 9 L. 12 By; cD 6 ipa 12 B, 
GND 10 1°=«TiR GND 10 1 T/R 
DIE SIZIE 0.069” X 0.089”" DIE SiZE 0.069" X 0.089” 
Am2946 « Am2947 
ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature —65 to +150°C | 
Supply Voltage 7.0V 
Input Voltage 5.5V 
Output Voltage 5.5V 
Lead Temperature (Soldering, 10 seconds) 300°C 
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ELECTRICAL CHARACTERISTICS 


Am2946 ¢ Am2947 


The Following Conditions Apply Unless Otherwise Noted: 


MIL Ta = -55 to +125°C = VocMIN = 4.5V 
COM'L Ta, = 0 to 70°C VecMIN = 4.75V 


VocMAX = 5.5V 
VecMAX = 5.25V 


DC ELECTRICAL CHARACTERISTICS over operating temperature range 


Parameters Description 





Logical “1” Input Voltage 





Typ 
(Note 1) 


Test Conditions Min Max Units 


A PORT (Ap-A7) 
CD = Vy, MAX, T/R = 2.0V 









2.0 








Logical “O” Input Voltage 





Logical “1” Output Voltage 





























Logical “0” Output Voltage 





Output Short Circuit Current 





Logical “1” Input Current 





I; Input Current at Maximum Input Voltage 











lic Logical “O” input Current 
Vo Input Clamp Voltage 

lop Output/Input 3-State Current 
Vin Logical “1” Input Voltage 
Vit Logical “0” Input Voltage 
Vou Logical “1” Output Voitage 
VoL Logical “0” Output Voltage 





Output Short Circuit Current 


Logical “1” Input Current 









CD, = Vi, MAX, |_COM'L De arn 

TIR = 2.0V MIL 

CD = Vi, MAX, | !on = —0.4mA Veo-1.15 | Vec-0.7 
T/R =0.8V loy = —3.0mA 2.7 3.95 
CD = Vi, MAX, | lov = 12mA ae eee 
T/R =0.8V COML, Io. = 24mA [| 





CD = Vit MAX, T/R = 0.8V, Vo = OV, 
“Voc = MAX, Note 2 


CD = Vi, MAX, T/R = 2.0V, V; = 2.7V 
CD = 2.0V, Voc = MAX, Vi = Voc MAX 


= 
Oo 





























CD=ViLMAX,TR=20v,v=04v | | 

CD = 2.0V, ly = —12mA . 

CD = 2.0V oa 

B PORT (Bo-B7) : 

CD = Vj, MAX, T/R = Vj, MAX 

CD =Vi, MAX, |_COM'L ae 
lon = —0.4mA Veco7 1.15 

CD = Vit MAX, ["15,, = —5mA 2.7 

T/R = 2.0V OH 
ion = =f0mk [8d 

CD = Vi, MAX, |_lou = 20mA = 

T/R = 2.0V lot = 48mA 





CD = Vi, MAX, T/R = 2.0V, Vo = OV, 
Vec = MAX, Note 2 


CD = Vi, MAX, T/R = Vi, MAX, V) = 2.7V 


| 
nN 
a 








Input Current at Maximum Input Voltage 


CD = 2.0V, Voc = MAX, V; = Voc MAX 





Logical “0” input Current 


CD = Vi, MAX, T/R = Vi, MAX, V; = 0.4V 











Input Clamp Voltage 








CD = 2.0V, ly = —12mA 







































































Vo = 0.4V 
lop Output/Input 3-State Current CD = 2.0V 
Vo = 4.0V 
CONTROL INPUTS CD, T/R 
Vin Logical “1” Input Voltage ; 2.0 
Vv Logical “O” Input Volt aM: 
i u age 
IL 9g p 9 MIL 
Tn Logical “1” Input Current 
iF Input Current at Maximum Input Voltage | Voc = MAX, V; = Vec MAX 
T/R 
lie Logical “O” Input Current V,; = 0.4V 
cD 
Vo Input Clamp Voltage lw = —12mA 
POWER SUPPLY CURRENT 
ae CD = V = 2.0V, Voc = MAX P| 
m = 
CD = 0.4V, Vina = T/R = 2V, Voc = MAX 100 150 
loc Power Supply Current - mA 
Agoda? CD = 2.0V, V; = 0.4V, Veg = MAX 70 100 
CD = Vina =0.4V, TIR=2V,Voc=MAX| | 90 140 
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Am2946 « Am2947 


Am2946 
AC ELECTRICAL CHARACTERISTICS (Vcc = 5.0V, Ta = 25°C) 


Parameters 


Description 


Typ 


Test Conditions Min (Note 1) Max Units 


A PORT DATA/MODE SPECIFICATIONS 





Propagation Delay to a Logical “O” from 
B Port to A Port 


Propagation Delay to a Logical “1” from 
B Port to A Port 


Propagation Delay from a Logical “0” to 
3-State from CD to A Port 





Propagation Delay from a Logical “1” to 
3-State from D to A Port 


Propagation Delay from 3-State to 
a Logical “0” from CD to A Port 


Propagation Delay from 3-State to 
a Logical “1” from CD to A Port 


B PORT DATA/MODE SPECIFICATIONS 


Propagation Delay to a Logical “0” from 
A Port to B Port 


t Propagation Delay to a Logical “1” from 
cerns A Port to B Port 


Propagation Delay from a Logical “0” to 
3-State from CD to B Port 


Propagation Delay from A Logical “1” to 
3-State from CD to B Port 





Propagation Delay from 3-State to 
a Logical “0” from CD to B Port 


Propagation Delay from 3-State to 
a Logical “1” from CD to B Port 





TRANSMIT/RECEIVE MODE SPECIFICATIONS 





Propagation Lielay from Transmit Mode 
to Receive a logical “0,” T/R to A Port 


Propagation Delay from Transmit Mode 
to Receive a l.ogical “1,” T/R to A Port 


Propagation Cielay from Receive Mode 
to Transmit a Logical “0,” T/R to B Port 


Propagation Lielay from Receive Mode 
to Transmit a Logical “1,” T/R to B Port 


Notes: 1. 
2. Only one output at a time should be shorted. 











Chip Disable 
Transmit/Receive 
A Port 

B Port 


CD = 0.4V, T/R = 0.4V (Figure 1) 
Ry = 1k, Ro = 5k, C, = 30pF 
CD = 0.4V, T/R = 0.4V (Figure 1) 
Ry = Ik, Re = 5k, Cy = 30pF 

Bo to By = 2.4V, T/R = 0.4V (Figure 3) 
S3 = 1, Rs = 1k, C4 = 15pF 

Bo to By = 0.4V, T/R = 0.4V (Figure 3) 
S3 = 0, Rs = 1k, C4 = 15pF 

Bg to By = 2.4V, T/R = 0.4V (Figure 3) 
$3 =1, Rs = 1k, C4 = 30pF 
Bo to By = 0.4V, T/R = 0.4V (Figure 3) 
S3 = 0, Rs = 5k, Cy = 30pF 












_ 
_ 





| 
| 








ns 






ns 





© 
So 


= _ PO _ _ _ _ = _ 
oi a @ + So ie) tes) a oa a Le) 


3 és) 
a oa 
=] > 
papadada pa ja fele : : 









CD = 0.4V, T/R = 2.4V (Figure 1) 
Ry = 1000, Ro = 1k, C; = 300pF 
Ry = 6679, Ro = 5k, Cy = 45pF 
CD = 0.4V, T/R = 2.4V (Figure 1) 
Ry = 1009, Ro = 1k, Cy = 300pF 
Ry = 6670, Ro = 5k, Cy 4 45pF 
Ag to A7 = 2.4V, T/R = 2.4V (Figure 3) 
S3 = 1, Rs = 1k, C4 = 15pF 

Ag to A7 = 0.4V, T/R = 2.4V (Figure 3) 
S3 = 0, Rs = 1k, C4 = 15pF 

Ao to A7 = 2.4V, T/R = 2.4V (Figure 3) 
S3 = 1, Rs = 1000, Cy = 300pF 
S3 = 1, Rs = 6679, Cy = 45pF 

Ag to A7 = 0.4V, T/R = 2.4V (Figure 3) 
S3 = 0, Rs = 1k, C4 = 300pF 

S3 = 0, Rs = 5k, C4 = 45pF 


= 










_ 


_ ae) = = 








sa 





Q 





nN 
a 






wo 
a 


Nh 
oa 





CD = 0.4V (Figure 2) 

$1 = 1, R4 = 1002, C3 = 5pF 
So = 1, R3 = Ik, Co saat 30pF 
CD = 0.4V (Figure 2) 
S$; = 0, Rg = 1000, C3 = 5pF 
So = 0, R3 = 5k, Co aa 30pF 
CD = 0.4V (Figure 2) 

$1 = 1, R4 = 1000, C3 = 300pF 
Sp = 1, Rg = 3000, Co = 5pF 
CD = 0.4V (Figure 2) 

$1 =0, R4 = 1k, C3 = 300pF 
Se = 0, Rg = 3000, Co = 5pF 


oO 


nN 
oO 


35 





nN 
a 
a 


All typical values given are for Voc = 5.0V and Ta = 25°C. 
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Am2947 
AC ELECTRICAL CHARACTERISTICS (Vcc = 5.0V, Ta = 25°C) 
Typ 
Parameters Description Test Conditions _ Min (Note 1) Max Units 


A PORT DATA/MODE SPECIFICATIONS 


CD = 0.4V, T/R = 0.4V (Figure 1) 
Ry = 1k, Ro = 5k, Cy = 30pF 


CD =0.4V, T/R = 0.4V (Figure 1) 
Ry = 1k, Ro = 5k, Cy = 30pF 


Bo to By = 0.4V, T/R = 0.4V (Figure 3) 












Propagation Delay to a Logical “0” from 
B Port to A Port 


Propagation Delay to a Logical “1” from 
B Port to A Port 


tPDHLA 





tPDLHA 






























Propagation Delay from a Logical “0” to 






































'PLZA 3-State from CD to A Port S3 = 1, Re = 1k, Cy = 15pF 
t Propagation Delay from a Logical “1” to Bo to B7 = 2.4V, TR = 0.4V (Figure 3) 
PHZA 3-State from CD to A Port S3 = 0,R5 = 1k,C4g=15pF 
t Propagation Delay from 3-State to Bo to B7 = 0.4V, T/R = 0.4V (Figure 3) 
PZLA a Logical “0” from CD to A Port S3 = 1, Rs = 1k, Cy = 30pF 
t Propagation Delay from 3-State to Bo to By = 2.4V, T/R = 0.4V (Figure 3) 
PZHA a Logical “1” from CD to A Port S3 = 0, Rs = 5k, Cy = 30pF 
B PORT DATA/MODE SPECIFICATIONS 
CD = 0.4V, T/R. = 2.4V (Figure 1) 
Propagation Delay to Logical “0” from = = = 
tppHLB A Port to B Port Ry = 1000, Ro = 1k, Cy = 300pF 
. Ry = 6670, Ro = 5k, Cy = 45pF 
CD = 0.4V, T/R = 2.4V (Figure 1) 
Propagation Delay to Logical “1” from a ae = 
tppLHB A Port to B Port Ry = 1000, Ro = 1k, C1 = 300pF 





Ry = 6672, Ro = 5k, Cy = 45pF 
Propagation Delay from a Logical “0” to | Ao to A7 = 0.4V, T/R = 2.4V (Figure 3) 








tpLzB 3-State from CD to B Port $3 = 1, Rg = 1k, Cg = 15pF 
Propagation Delay from a Logical “1” to | Ag to A7 = 2.4V, T/R = 2.4V (Figure 3) 
3-State from CD to B Port S3 = 0, Rs = 1k, C4 = 15pF 


Ag to A7 = 0.4V, T/R = 2.4V (Figure 3) 
S3 = 1, Rs = 1000, C4 = 300pF 

S3 = 1, Rs = 6672, C4 = 45pF 

Ao to A7 = 2.4V, T/R = 2.4V (Figure 3) 
S3 = 0, Rs = 1k, C4 = 300pF 

S3 = 0, Rs = 5kQ, C4 = 45pF 
TRANSMIT/RECEIVE MODE SPECIFICATIONS 
CD = 0.4V (Figure 2) 

S1 = 0, Rg = 100, C3 = 5pF 
So = 1, Rg = 1k, Co = 30pF. 
CD = 0.4V (Figure 2) 

S; = 1, Rg = 1000, C3 =5pF 
So = 0, Rg = 5k, Co = 30pF 
CD = 0.4V (Figure 2) 


t Propagation Delay from 3-State to 
PZLB a Logical “0” from CD to B Port 


t Propagation Delay from 3-State to 
PZHB a Logical “1” from CD to B Port 




















t Propagation Delay from Transmit Mode 
ARE to Receive a Logical “0,” T/R to A Port 








t Propagation Delay from Transmit Mode 
TRH to Receive a Logical “1,” T/R to A Port 





Propagation Delay from Receive Mode 





‘ATL to Transmit a Logical “0,” T/R to B Port ices ty la 1008 Ga S00RE 
So = 0, R3 = 3000, Co = 5pF 
Propagation Delay from Receive Mode eh aL lho 
‘RTH to Transmit a Logical “1,” T/R to B Port Si Sa Sh Ca Snr 


So =1, R3 = 3000, Co = 5pF 


Notes: 1. All typical values given are for Vcc = 5.0V and Ta = 25°C. 
2. Only one output at a time should be shorted. 


DEFINITION OF FUNCTIONAL TERMS 


Ao-A7 A port inputs/outputs are receiver output drivers when CD Chip Disable forces all output drivers into 3-state when 


T/R is LOW and are transmit inputs when T/R is HIGH (same function as active LOW chip select, CS). 
HIGH. T/R — Transmit/Receive direction control determines _whether 
A port or B port drivers are in 3-state. With T/R HIGH, 
Bo-B7 8B port inputs/outputs are transmit output_drivers when A port is the input and B port is the output. With T/R 
T/R is HIGH and receiver inputs when T/R is LOW. “LOW, A port is the output and B port is the input. 
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SWITCHING TIME WAVEFORMS 
AND AC TEST CIRCUITS 



















AmneeAs ai OUTPUT 
INPUT 
A, OR By OTK or” _ 
Am2947 ov 
tpt ‘poo UNDER 
TEST 
BORA, 1.5V 1.5V 
tp =t¢ < 10ns 
10% to 90% Note: C, includes test fixture capacitance. 
Figure 1. Propagation Delay from A Port to B Port 
or from B Port to A Port. 
BLI-104 
3.0V 
INPUT 
TR 1.5V 1.5V 
oe ae as oy, APORT O © BPORT 
Vec ae. DEVICE O Vcc 
UNDER 
So=1 TEST 
1.5V 1.5V 
‘RTL TRE 
B PORT A PORT 81-0 
tRTH tTRH 
1.5V 1.5V 
ty = te < 10ns 
10% to 90% Note: Cy and Cz include test fixture capacitance. 
Figure 2.:Propagation Delay from T/R to A Port or B Port. 
BLI-105 
3.0V 
tr tt 
saad X 1.5V 1.5V 
| ov 
tez t~ 
0.5V DEVICE 
pee UNDER 
TEST 
PORT 
OUTPUT cD 
tPHZ a ae teze al Fr 
0.5V 
ial ee 
te =t, < 10ns Note: C4 includes test fixture capacitance. 
10% to 90% Port input is in a fixed logical condition. 


Figure 3. Propagation Delay from CD to A Port or B Port. 
; BLI-106 
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Octal 3-State Bidirectional Bus Transceivers 


ADVANCE INFORMATION 







































DISTINCTIVE CHARACTERISTICS 


® 8-bit bidirectional data flow reduces system package count 

@ 3-state inputs/outputs for interfacing with bus-oriented 
systems 

@ PNP inputs. reduce input loading 

® Voc — 1.15V Vox interfaces with TTL, MOS and CMOS 

@ 48mA, 300pF bus drive capability 

@ Am2948 has inverting transceivers 

@ Am2949 has non-inverting transceivers 

@ Separate TRANSMIT and RECEIVE enables 

@ 20-pin ceramic and molded DIP package 

@ Low power — 8mA per bidirectional bit 

p> e@ Advanced Schottky processing 

@ Bus port stays in hi-impedance state during power up/down 

e 100% product assurance screening to MIL-STD-883 

requirements 


FUNCTIONAL DESCRIPTION 


The Am2948 and Am2949 are 8-bit 3-state Schottky transceiv- 
ers. They provide bidirectional drive for bus-oriented micro- 
processor and digital communications systems. Straight through 
bidirectional transceivers are featured, with 24mA drive capability 
onthe A ports and 48mA bus drive capability on the B ports. PNP 
inputs are incorporated to reduce input loading. 


Separate TRANSMIT and RECEIVE enables are provided for 
microprocessor systems with separated read and write control 
bus lines. 







The output high voltage (Vox) is specified at Vec—1.15V 
minimum to allow interfacing with MOS, CMOS, TTL, ROM, RAM 
or microprocessors. 













Am2949 
LOGIC DIAGRAM 








TRANSMIT 





RECEIVE 








Am2948 has inverting transceivers. 
BLI-107 






CONNECTION DIAGRAM 
Top View 


LOGIC SYMBOL 









APORT — 







Veo 80 By 


Ag Ai Ag Ag Ag Ag Ag AZ 













Am2948/2949 






Am2948/2949 









B PORT 


Vec = Pin 20 
GND = Pin 10 











Note: Pin 1 is marked for orientation. 


BLI-108 BLI-109 
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Eight-Bit Bidirectional I/O Ports 


DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION 
® Eight-Bit, Bidirectional I/C! Port with Handshake — The Am2950 and Am2951, members of Advanced Micro Devices 
Two eight-bit, back-to-back registers store data moving in both Am2900 Family, are designed for use as paralle! data I/O ports. 
directions between two bidirectional busses. Two eight-bit, back to back registers store data moving in both 
@ Register Full/Empty Flags — directions between two bidirectional, 3-state busses. On chip flag 
On-chip flag flip-flops provide data transfer handshaking flip-flops, set automatically when a register is loaded, provide the 
signals. handshaking signals required for demand-response data 
@ Separate Clock, Clock Enable and Three-State Output Enable transfer. 
for Each Register. Considerable flexibility is designed into the Am2950 + Am2951. 


e Separate, Edge-Sensitive Clear Control for Each Flag 
Flip-Flop. 

e Inverting and Non-Inverting Versions — 
The Am2950 provides non-inverting data outputs. The 
Am2951 provides inverting data outputs. 

@ 24mA Output Current Sink Capability. 


Separate clock, clock enable and three-state output enable sig- 
nals are provided for each register, and edge-sensitive clear 
inputs are provided for each flag flip-flop. A number of these 
circuits can be used for wider I/O ports. Both inverting and non-in- 
verting versions are available. 


@ 100% Reliability Assurance Testing in Compliance with Twenty-four mA output current sink capability, sufficient for most 
MIL-STD-883. three-state busses, is provided by the Am2950 * Am2951. 
Am2950 BLOCK DIAGRAM Am2951 BLOCK DIAGRAM 


CPR 
CE ae: 


Ao 
Ay 
A2 
As 


A4 


f 
% 
o 
w 
« 
« 


As 


Ag 


Yd 

a 

a 

es ee 

are es ee ee 

a ee 
4 

R-REGISTER 


Ay 





S-REGISTER 





ca 
S-REGISTER 





OEas CPs 
> 
CEs 
Fs 
a 
EDGE CLAs| ence |. 
DETECT DETECT 
MPR-573 MPR-574 
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Am2950 LOGIC SYMBOLS Am2951 


4 25 20 21 













CLRS OEAS CPR CER 
AO BO 


Bi 
B2 


26 
27 
28 



















Am2950 ° Am2951 








4 25 20 21 


CLRS OEAS CPR CER 
26 AO BO 18 


27 Al BI 17 
28 A2 . B2 16 





1 . B3 — 15 1 A3 B3 15 
2 A4 kgapann B4 — 14 2 A4 Aas B4 14 
3 BS — 13 3 AS BS 13 
6 B6 — 10 6 AG BB 10 
7 B7 —9 7 B7 9 
5 FR — 1 5 FR 11 
CES CPS OEBR CLRA CES CPS OEBR CLRR 
23 24 «19”~—Ci—«*12 23 24 «#19 «#12 
MPR-575 MPR-576 
CONNECTION DIAGRAMS 
Top Views 
DIP FLAT PACK 
B7 1 
B6 2 
FR 3 
CLRR’ 4 
B5 5 
B4 6 
Am2950 B3 7 Am2950 
Am2951 B2 8 Am2951 
B1 9 
BO 
OEBR 
CPR 
Note: Pin 1 is marked for orientation. 
iis inv on Am2951. 
Bi is inverted Meas 





DEFINITION OF FUNCTIONAL TERMS 


A0-7 
BO-7 


CPR 


CER 


Eight bidirectional lines carrying the R Register inputs or 
S Register outputs. 

Eight bidirectional lines carrying the S Register inputs or 
R Register outputs. 
The clock for the R Register and FR Flip-Flop. When CER 
is LOW, data is entered into the R Register and the FR 
Flip-Flop is set on the LOW to HIGH transition of the CPR 
signal. 

The Clock Enable for the R Register and FR Flip-Flop. 
When CER is LOW, data is entered into the R Register 
and the FR Flip-Flop is set on the LOW to HIGH transition 
of the CPR signal. When CER is HIGH, The R Register 
and FR Flip-Flop hold their contents, regardless of CPR 
signal transitions. 


OEBR The Output Enable for the R Register. When OEBR is 


FR 


LOW, The R Register three-state outputs are enabled 
onto the BO-7 lines. When OEBR is HIGH, the R Register 
outputs are in the high-impedance state. 

The FR Flip-Flop output. 


2-295 



















CLRR The clear control for the FR Flip-Flop. The FR Flip-Flop is 
cleared on the LOW to HIGH transition of CLRR signal. 
CPS _ Thecilock for the S Register and FS Flip-Flop. When CES 
is LOW, data is entered into the S Register and the FS 
Flip-Flop is set on the LOW to HIGH transtion of the CPS 

= signal. 

CES The clock enable for the S Register and FS Flip-Flop. 

When CES is LOW, data is entered into the S Register 
and the FS Flip-Flop is set on the LOW to HIGH transition 
ofthe CPS signal. When CES is HIGH, the S Register and 
FS Flip-Flop hold their contents, regardless of CPS signal 

aes transitions. as 

OEAS The output enable for the S Register. When OEAS is 
LOW, the S Register three-state outputs are enabled onto 
the AO-7 lines. When OEAS is HIGH, the S Register 
outputs are in the high-impedance state. 

FS The FS Flip-Flop output. 

CLRS The clear control for the FS Flip-Flop. The FS Flip-Flop is 

cleared on the LOW to HIGH transition of CLRS signal. 





Am2950 - Am2951 


REGISTER FUNCTION TABLE OUTPUT CONTROL 
(Applies to R or S Register) 











































Hold Data Disable Outputs 








Load Data 


eee was 


Enable Outputs 





FLAG FLIP-FLOP FUNCTION TABLE 
(Applies to R or S Flag Flip-Flop) 





Clear Flag 








Set Flag 


H = HIGH NC = NO CHANGE 

L =LOW ft = LOW-to-HIGH Transition 

X = Don't Care + = NO LOW-to-HIGH Transition 
Z = High impedance 


ORDERING INFORMATION 


Order the part nurnber according to the table below to obtain the desired package, temperature range, and screening level. 


Am2950 Am2951 Package Type Operating Range Screening Level 
Order Number Order Number (Note 1) (Note 2) (Note 3) 
AM2950PC AM2951PC P-28 Cc C-1 
AM2950DC AM2951DC D-28 Cc C-1 
AM2950DC-B AM2951DC-B D-28 Cc B-2 (Note 4) 
AM2950DM AM2951DM D-28 M C-3 
AM2950DM-E. AM2951DM-B D-28 M B-3 
AM2950FM AM2951FM F-28-2 M C-3 
AM2950FM-B AM2951FM-B F-28-2 M B-3 
AM2950XC AM2951 XC Dice C Meer 
AM2950XM AM2951XM Dice M 


Method 2010B. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for 
detailed outline. Where Appendix B contains several dash numbers, any of the variations of the package may be.used 
unless otherwise specified. 

2. C = 0°C to +70°C, Vec = 4.75V to 5.25V, M = — 55°C to + 125°C, Veo = 4.50V to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to 
MIL-STID-883, Class B. 

4. 96 hour burn-in. 





METALLIZATION AND PAD LAYOUT 





ae . = 


ae ae ae 
(REE 


= [ = 
pes we ha Te! 
°: 4 san | am wo, 
Numbers refer to DIP pin connection 


15 16 17 #18 DIE SIZE 0.107” X 0.138” 


























Am2950 « Am2951 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

















Storage Temperature 7 : —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +126°C 
Supply Voltage to Ground Potential Continuous _ —0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State —0.5V to +VCC max. 
DC Input Voltage 7 —0.5V to +5.5V 
DC Output Current, Into Outputs 30mA 
DC Input Current —30mA to +5.0mA 





OPERATING RANGE 
Part Number Range Temperature vcc 


Am2950/51PC,DC | COM'L | Tag = 0°C to +70°C VCC = 5.0V +5% (MIN. = 4.75V, MAX. 
MIL TC = -—55°C to +125°C | VCC = 5.0V +10% 


Am2950/51DM, FM (MIN. = 4.50V, MAX. 























=5.25V) 
= 5.50V) 














Am2950, Am2951 
DC CHARACTERISTICS OVER OPERATING RANGE Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


FR, FS zi 
Pio= ima | 
: 


Guaranteed input logical HIGH 
voltage for ail inputs 























VCC = MIN. 


Output HIGH Voltage VIN = VIH or VIL 


FR, FS 












VCC = MIN. 


Output LOW Voltage (Note 5) VIN = VIH or VIL 


Input HIGH Level 


Input LOW Level 


2.0 









Guaranteed input logical LOW 
voltage for all inputs 


VCC = MIN., IIN = —18mA 



















Input Clamp Voitage 











AO-7, BO-7 
VCC = MAX., VIN = 0.5V CLRR, CLRS 
Others 

‘| A0-7, BO-7 
VCC = MAX., VIN = 2.7V CLRR, CLRS 
Others 





Input LOW Current 












Input HIGH Current 


Input HIGH Current 


Output Off-state 
Leakage Current 














VCC = MAX., VIN = 5.5V 


VO = 2.4V 
VCC = MAX. AO-7, BO-7 
VO = 0.4V 


VCC =MAX. —30 


VCC = MAX. 


1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at VCC = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. ICC is measured with all inputs at 4.5V and all outputs open. 
5 
6 




















Output Short Circuit Current 
(Note 3) 








156 











Ta = 0°C to +70°C. 





Power Supply Current 
(Notes 4, 6) 


Ta = +70°C 
Te = —55°C to +125°C 
Te = +125°C 














. The sum of IOL into Ai and Bi for each i must not exceed 32mA COM'L, 24mA MIL at a given point in time. 
. Worst case ICC is at minimum temperature. 
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SWITCHING CHARACTERISTICS 






The tables below define the Am 2950 - Am2951 switching characteristics. Tables A are set-up and hold times relative to a clock 
LOW-to-HIGH transition. Tables B are propagation delays. Tables C are recovery times. Tables D are pulse-width requirements. 
Tables E are enable/disable times. All measurements are made at 1.5V with input levels at OV or 3V.-All values are in ns with RL 
on Ai and Bi = 2200 and RL on FS and FR = 3000. CL = 50pF except output disable times which are specified at CL = 5pF. 









TYFICAL ROOM TEMPERATURE CHARACTERISTICS (T, = 25°C, VCC = 5.0V) 


A. Set-up and Hold Times 
(With respect to clock 
LOW-to-HIGH transition.) B. Propagation Delays C. Recovery Times 











































































with From | To | REC 
Respect To | ts th CLRS ops [ 17 
ferfeertets 
BO-7 cpR [ | 2 0 
CE ces [| 9 0 
cPpR | 9 0 














D. Pulse-Width Requirements E. Enable/Disable Times 


Fem [Te [ tbls [Eni 
16 













Min. LOW Min. HIGH 
Pulse Width Pulse Width 









OEBR | Bo-7 









GUARANTEED ROOM TEMPERATURE CHARACTERISTICS (Ta = 25°C, VCC = 5.0V) 







A. Set-up and Hold Times. B. Propagation Delays C. Recovery Times 


[From | To [REC 








With 
Respect To 


cps [ 
























cLrs [cps [ 
CLAR [| |CPRI 
























E. Enable/Disable Times 


From To Disable 
OEAS | Ao-7 
OEBR | Bo-7 




















Min. LOW 
Pulse Width 


Min. HIGH 
Pulse Width 
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GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 
(Ta = 0°C to +70°C, VCC = 4.75 to 5.25V) 


A. Set-up and Hold Times. B. Propagation Delays C. Recovery Times 


With 
Respect To 


cps [- 
cpR | 
ces | 


























. Enablie/Disable Times 


Min. LOW in. Disable 
Pulse Width i ‘ aE : 22 








22 








GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 
(To = -55°C to +125°C, VCC = 4.5 to 5.5V) 


A. Set-up and Hold Times. B. Propagation Delays C. Recovery Times 





























D. Pulse-Width Requirements E. Enable/Disable Times 


Min. LOW Min. HIGH | From | To | Disable | Enable 
Pulse Width Pulse Width ; SEAS | Ao-7 a 58 —o 
oe ee ay OEBR | BO-7 24 28 


20 - 20 
20 20 
20 20 
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tionai peripheral data bus. The on-chip Flag flip-flops provide the 
data in, data out handshaking signals required for data transfer 





APPLICATIONS 









The Am2950 « Am2951 provides data transfer handshaking sig- and interrupt request generation. 

nals as well as eight-bit, bidirectional data storage. Its flexibility 

allows it to be used in any type of computer system, including Figure 2 shows a multiple 1/O port system using Am2950’s. Two 
Am2900, 8080, 8085, 8086, 280, and 28000 systems. Am2950’s are used at each port to interface the 16-bit system 
Figure 1 shows an Am2950 used to store data moving in both data bus. The Am2950 flags are used to generate I/O interrupt 
directions between a bidirectional system data bus and a bidirec- requests. 








SEND NEW DATA ~—— 











H D Q DATA READY 
CPR FR 
CLOCK —— cP 
ae | T 
CER 0 CLR 
CLOCK R R 
ENABLE DATA TAKEN 





| os OUTPUT ENABLE 
cre OFA 77 

R 

REG 


/ 








OUTPUT OE as CE 
ENABLE Y CEs 
I CLOCK ENABLE 







SEND NEW DATA 





DATA TAKEN ——— 





PERIPHERAL SYSTEM 






Figure 1. A Bidirectional I/O Port with Handshaking Using the Am2950. 





MPR-578 





vO 
INTERRUPT 
PRIORITY 
ENCODER 





MEMORY 








Figure 2. Muitiple /O Port System. 
MPR-579 
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Octal Registers with Three-State Outputs 














DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 


Eight-bit, high-speed parallel registers The Am2954 and Am2955 are 8-bit registers built using high- 
Am2954 has non-inverting inputs speed Schottky technology. The registers consist of eight D-type 
Am2955 has inverting inputs flip-flops with a buffered common clock and a buffered 3-state 
Positive, edge-triggered, D-type flip-flops output control. When the output enable (OE) input is LOW, the 
Buffered common clock and buffered common three-state eight outputs are enabled. When the OE input is HIGH, the 
control outputs are in the 3-state condition. 


Vor = 0.5V (max) at lo, = 32mA Input data meeting the set-up and hold time requirements of the 
High-speed — Clock to output 11ns typical D inputs is transferred to the Y outputs on the LOW-to-HIGH 
100% product assurance screening to MIL-STD-883 transition of the: clock input. 


requirements The devices are packaged in a space-saving (0.3-inch row 


spacing) 20-pin package. 





LOGIC DIAGRAM 
Am2954 


cp 
CLOCK 


OE 
OUTPUT 
ENABLE 





Inputs Dg through D7 are inverted on the Am2955. 
BLI-110 








CONNECTION DIAGRAMS ~— Top Views LOGIC SYMBOLS 
Voc Y7 By De Ye Ys Ds Dy Y4 CP 3 4 7 8 13 14° 

Dz. Dz Dy 
Am2954 


Yo Y3 Yq 








Am2955 










1 1 
Y3 Ya 
OE Yo Do Dy Y; Yp Dp D3 Y3 GND 
Vec = Pin 20 
2 5 6 9 12 15 GND = Pin 10 
Note: Pin 1 is marked for orientation. BLI-111 BLI-12 
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ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Uniess Otherwise Specified: 


Am2954XC, DC, PC 
Am2954XM, DM, FM 


Am2955XC, DC, PC 
Am2:955XM, DM, FM 


Ta = 0 to 70°C 


Te = —55 to +125°C 


Voc = 4.75 to 5.25V 
Voc = 4.50 to 5.50V 


DC CHARACTERISTICS OVER OPERATING RANGE 


Parameters 









Input HIGH Level 


Input LOW Level 


Description 


Output HIGH Vcitage 


Output LOW Voltage 


Input Clamp Voltage 
Input LOW Current 
Input HIGH Current 








Input HIGH Current 


Test Conditions (Note 1) 


Voc = MIN 
Vin = Vin oF Vie 


MIL, lon = —2.0mA 
COM'L, lon = —6.5mA 





Vec = MIN 
Vin = Vin or Vie 





lo. = 20mA 
lo. = 32mA 


Guaranteed input logical HIGH 
voltage for ali inputs 


2 


> 


Max Units 


Volts 


Volts 


Volts 





Guaranteed input logical LOW 
voltage for all inputs 


Vec = MIN, lin = —18MA 


Voc = MAX, Vin 
Voc = MAX, Vin 


= 0.5V 
= 2.7V 





Voc = MAX, Vin = 5.5V 











Output Current 


(Note 3) 


(Note 4) 


Off-State (High-Impedance) 





Output Short Circuit Current 


Power Supply Current 





Veco = MAX 
Voc = MAX 
Vcc = MAX 


Vo = 0,5V 
Vo = 2.4V 


Volts 


: Volts 


3 


3 


3 § itl 
>| >| > | S|/F/> 


Notes: 1. For conditions shown as MIN or MAX use the appropriate value specified under Electrical Characteristics for the applicable device type. 
Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 


2. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. 


Am2954 measured at CLK = LOW-to-HIGH, OE = HIGH, and all data inputs are LOW. 
Am2955 measured at CLK = LOW-to-HIGH, OE = HIGH, and all data inputs are LOW. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 


Temperature (Ambient) Under Bias 


Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 


DC Voltage Applied to Outputs for HIGH Output State 


DC Input Voltage 


DC Output Current, Into Outputs 


DC Input Current 
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Notes: 


Am2954 Am2955 Package Type Ope _ ing Range Screening Level 
Order Number Order Number (Note 1) (Note 2) (Note 3) 
AM2954PC AM2955PC P-20-1 Cc C-1 
AM2954DC AM2955DC D-20-1 Cc C-1 
AM2954DC-B AM2955DC-B D-20-1 Cc B-1 
AM2954DM AM2955DM D-20-1 M C-3 
AM2954DM-B AM2955DM-B D-20-1 M B-3 
AM2954FM AM2955FM F-20 M C-3 
AM2954FM-B AM2955FM-B F-20 M B-3 
AM2954XC AM2955XC Dice C ig geeagaeel 
AM2954XM AM2955XM Dice M Method 2010B. 





ORDERING INFORMATION 







Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Am2954 « Am2955 


1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. Where Appendix B 
contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 

2. C = Oto 70°C, Voc = 4.75V to 5.25V, M = —55 to + 125°C, Voc = 4.50V to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, Class B. 




















DEFINITION OF FUNCTIONAL TERMS 
The D flip-flop data inputs (Am2954, non-inverting). 
The D flip-flop data inputs (Am2955, inverting). 


Clock Pulse for the register. Enters data on the LOW-to- 
HIGH transition. 


The register three-state outputs (Am2954, non-inverting). 


OE Output Control. An active-LOW three-state control used to 
enable the outputs. A HIGH level input forces the outputs 
to the high impedance (off) state. 
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Function 


REGISTER 


H = HIGH 
L =LOW 
X = Don't Care 


FUNCTION TABLE 


| mputs | internat | Outputs | 


Am2954 Dj 


Am2955 





NC =No Change - 
Z =High Impedance 
t =LOW-to-HIGH transition 











a ae 


Dd 
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SWITCHING CHARACTERISTICS 
(Tp = 25°C, Vec = 5.0V) 


Am2954 » Am2955 
Parameters Description i Test Conditions 


Clock to Output. Y; 











OE to Yi 


























Note: 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on t,, ts, pulse width or 
duty cycle. 







Metallization and Pad Layouts 






Am2954 Am2955 























DIE SIZE 0.096” X 0.083” 
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Am2954 ° Am2955 












APPLICATION 


INCOMING DATA BUS 


A rine 






Do Dy Dg D3 Dy Ds Dg D7 Og Dg DigD1, D12D43D 4045 Dy Dy Dz D3 Dy Ds Dg D, Dg Dg Di D141 D12D13044D15, 


ADDRESS ADDRESS 


a Am27S07 Am27S07 Am27S07 Am27S07 Am27S07 Am27S07 Am27S07 Am27S07 ri 


CLOCK CLOCK 


16-BIT DATA BUS 


Dual 16-word by 16-bit non-inverting high-speed data buffer. 


BLI-113 


SCHOTTKY .INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT PNP INPUTS 


ut 


Note: Actual current flow direction shown. 
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Am2956 « Am2957 


Octal Latches with Three-State Outputs 


ADVANCED DATA 








DISTINCTIVE CHARACTERISTICS FUNCTIONAL DEdCRIPTION 
@ 8 latches in a single package The Am2956 is an octal latch with 3-state outputs for bus 
@ Am2956.has non-inverting outputs organized system applications. The latching flip-flops appear 
@ Am2957 has inverting outputs to be transparent to the data (data changes asynchronously) 
@ Vo. = 0.5V (max) at Io, = 32mMA when latch enable, G, is HIGH. When G is LOW, the data that 
® Three-state outputs interface directly with bus organized meets the set-up times is latched. Data appears on the bus 
systems when the output enable, OE, is LOW. When OE is HIGH the 
@ Hysteresis on latch enable input for improved noise mar- bus output is in the high-impedance state. 
gin 


@ High speed — Clock to output 12ns typical 
© 100% product assurance screening to MIL-STD-883 
requirements 








LOGIC DIAGRAM 
Am2956 





LATCH G 
ENABLE 






Inputs Dg through D7 are inverted on the Am2957. 























MPR-360 
CONNECTION DIAGRAM LOGIC SYMBOL 
Top View 
3 4 7 8 13 #14 #17 «18 
D, Dz Dz Dy 
1 
Am2956 
Am2956 : 
Y1 Y2 Y3 Y4 
2 5 6 9 12 16 1% 19 
Dz 03 Y3 GND 
Vcc = Pin 20 
Note: Pin 1 is marked for orientation. GND = Pin 10 
MPR-361 MPR-362 
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Am2958 « Am2959 


Octal Buffers/Line Drivers/Line Receivers with Three-State Outputs 


DISTINCTIVE CHARACTERISTICS 
e@ Three-state outputs drive bus lines directly 


FUNCTIONAL DESCRIPTION 


These buffers/line drivers, used as memory-address drivers, 














e Advanced Schottky processing clock drivers, and bus oriented transmitters/receivers, pro- 
@ Hysteresis at inputs improve noise margin vide improved PC board density. The outputs of the com- 
e@ PNP inputs reduce D.C. loading on bus lines mercial temperature range versions have 64mA sink and 
®@ Vo. of 0.55V at 65mA for commercial-range product; 15mA source capability, which can be used to drive termi- 

48mA for military-range product nated lines down to 1332. The outputs of the military tem- 
®@ Data-to-oytput propagation delay times: perature range versions have 48mA sink and 12mA source 


Inverting - 7.0ns MAX 
Non-inverting — 9.0ns MAX 
@ Enable-to-output — 15.0ns MAX . 
e 100% reliability assurance testing in compliance with 
MIL-STD-883 
@ 20-pin hermetic and molded DIP packages 


current capability. 


Featuring 0.2V minimum guaranteed hysteresis at each 
low-current PNP data input, they provide improved noise 
rejection and high-fan-out outputs to restore Schottky TTL 
levels completely. 


The Am2958 and Am2959 have four buffers enabled from 
one common line, and the other four buffers enabled from 
another common line. The Am2958 is inverting, while the 
Am2959 presents true data at the outputs. 


CONNECTION DIAGRAMS 
Top Views 


Am2959 


1A1 
24 1¥1 
1A2 2A4 
2Y3 1¥2 
1A3 2A3 
22 1¥3 
1A4 2A2 
2y¥1 1¥4 


GND 2Al 
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ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 








Am2958 Am2959 Package Type Operating Range Screening Level 
Order Number Order Number (Note 1) (Note 2) (Note 3) 
AM2958PC AM2959PC P-20-1 C C-1 

AM2958DC AM2959DC D-20-1 Cc C-1 
AM2958DC-B AM2959DC-B D-20-1 C B-1 
AM2958DM AM2959DM D-20-1 M C-3 
AM2958DM-B AM2959DM-B D-20-1 M B-3 
Am2958XC Am2959XC Dice e Mcrae 
Am2958XM Am2959XM Dice M Method 2010B. 





Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. Where Appendix 


B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 
2. C = 0 to 70°C, Voc = 4.75V to 5.25V, M = —55 to +125°C, Voc = 4.50V to 5.50V. 


3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883. 
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Am2958 « Am2959 







LOGIC DIAGRAMS 





Am2958 Am2959 






a 


MAXIMUM RATINGS above which the useful life may be impaired 








Storage Temperature -65°C to +150°C 
Temperature (Ambient) Under Bias - -55°C to +125°C 
Supply Voltage to Ground Potential : 7 ae -—0.5V to +7.0V 
DC Voltage Applied to Outputs for HIGH Output State =~=~S~*S -0.5V to +Vo¢ max. 
DC Input Voltage . fee 7 -0.5V to +7.0V 
DC Output Current aoe en ee 150mA 
DC Input Current Tee _ 7, -30mA to +5.0mA 
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Am2958 « Am2959 


ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Noted: 
Am2958 (MIL) TaA=—55°Ctot+125°C = Vec(MIN.) = 4.50V 
Am2959 (COM'L) Ta =0°C to+70°C Vec(MIN.) = 4.75V 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


Voc(MAX.) = 5.50V 
Vcc(MAX.) = 5.25V 






















































































: Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 
High-Level Input Voltage 2.0 | | vors | 
ViK Input Clamp Voltage Voc = MIN., 1) = —18mA =123 
Hysteresis (V4 — Vr_) Voc = MIN. 0.2 0.4 
Voc = MIN. | COM’L, Io =—1mA SS 
Vip =oav 34 
VOH High-Level Output Voitage OH | 24 | aaa Volts 
Voc =MIN. | MIL,Io4=—12ma [| 2.0 | ee na 
ViL=0.5V [COM'L, IoH=—15mA] 2.0 | na 
VoL Low-Level Output Voltage Volts 
lozH Off-State Output Current, 
Z High-Level Voltage Applied Veco =MAX. ap 
Vin =2.0V uA 
. Vi_ =0.8V 
loz Off-State Output Current, IL Vo =0.5V 
Low-Level Voltage Applied | 
Input Current at Maximum 
{ = ‘ = c 
| Input Voltage MEG MANS BBN. | mA 
NH High-Level Input Current, Any Input Voc = MAX,, Vip = 2.7V uA 
Tawa TE [see [8 
hie Low-Level Input Current Voc = MAX., Vip = 0.5V = pos Sesuciee 
anv 6 = P=20 | ma 
los Short-Circuit Output Current (Note 3) Vcc = MAX. 
Atl Outputs 80 
= 100 
Am2958 j All Outputs Vec = MAX. | 145 mA 
LOW Outputs open 100 | 150 | 
[ 100 
Outputs at Hi-Z 
lec Supply Current 100 
All Outputs 95 
HIGH 95 
All Outputs Voc = MAX. 120 
mA 
AINESED LOW Outputs open 120 
120 
Outputs at Hi-Z 
: 120 
Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions. 
2. All typical values are Vcc = 5.0V, Ta = 25° C. 
3. Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
SWITCHING CHARACTERISTICS (Vcc = 5V, Ta = 25 C) 
Am2958 Am2959 
Parameter Description Test Conditions Min Typ. Max. Min. Typ. Max. Units 





Propagation Delay Time, 
Low-to-High-Leve! Output 





Propagation Delay Time, 
High-to-Low-Level Output 





Cy = 5OpF, RL = 902 (Note 3) 


Output Enable Time to Low Level 


Output Enable Time to High Level 








Output Disable Time from Low Level 


Output Disable Time from High Level 





Cy = 5.0pF, RL = 902 (Note 3) 
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Am2958 « Am2959 









LOAD CIRCUIT FOR VOLTAGE WAVEFORMS 
THREE-STATE OUTPUTS ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS 
TEST OUTPUT 


POINT 


3v 
Yec CONTROL 
(LOW-LEVEL 13V 1.3V 
ENABLING) I ey 
R ‘e 
: aes tLz 
WAVEFORM 1 Soa =4.5V 81 & Sy 
3 $2 OPEN 1.3V CLOSED =1.5V 
{ | VoL 
FROM OUTPUT — 
UNDER TEST 4 2H tees ae 
M4 | ¢— OH 
rae S1 OPEN 1.3V 81 & Sq Ct =1.8V 
* S38 S2 CLOSED 
| q7 1N3064 WAVEFORM 2 (————— =0V CLOSED 
BLI-118 
© 
BLI-117 d 





$2 


Notes: 1. Waveform 1 is for an Output with internal conditions such that the output is low except when disabled by the output control. 
2. Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control, 
3. Inthe examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. PRR < 1.0MHz, ZouT * 502 
and ty  2.5ns, t+ < 2.5ns. 


FUNCTION TABLES 


Am2958 Am2959 


GIA 
H Xx 
L H 
L L 


Am2958 USED AS SYSTEM BUS DRIVER — 
4-BIT ORGANIZATION CAN BE APPLIED TO HANDLE BINARY OR BCD 







INPUTS | OUTPUT 






OUTPUT 
‘ONTROL 





SYSTEM ADDRESS BUS 
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Am2958 « Am2959 






APPLICATIONS (Cont.) 















INDEPENDENT 4-BIT BUS DRIVERS/RECEIVERS 
IN A SINGLE PACKAGE 


Am2958 





OUTPUT 
PORTS 
—_— 






FROM 
DATA BUS 





OUTPUT—PORT 
CONTROL 


DATA BUS 


{NPUT—PORT 


CONTROL 
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Metallization and Pad Layout 


Am2958 e Am2959 


19 2G; (2G) 


= 

















DIE SIZE 0.077” X 0.124” 
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Am2960 
Fast Error Detection and 
Correction for Memories 


Corrects All Single-Bit Flexible 
Errors Can be used with Am2900-based designs, 
Corrects all single bit errors. Detects all double the AmZ8000 or other CPUs. 


and some triple bit errors. 


E Diagnostics Built-In 
xpandable Logic on-chip for device test and software- 
One Am2960 provides Error Detection and controlled diagnostics. 
Correction for 16-bits. Two Am2960s handle 
32 bits; four Am2960s handle 64 bits. 

Allows for Increased 


Fast Memory Reliability 
Design objective of 30ns typical to detect errors, And can significantly reduce field servicing 
and 50ns to correct for 16-bits. costs. 
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Am2960 


Cascadable 16-Bit Error Detection and Correction Unit 


ADVANCED DATA 


DISTINCTIVE CHARACTERISTICS 


@ Modified Hamming Code 
Detects multiple errors and corrects single bit errors in a 
parallel data word. Ideal for use in dynamic memory 
systems. 


e Expandable 
One Am2960 provides EDC on 16-bit data words. 
Two Am2960s provide EDC on 32-bit data words. 
Four Am2960s provide EDC on 64-bit data words. 


@ Syndromes provided. 
The Am2960 makes available the syndrome bits when an 
error occurs, so the location of memory faults can be 
logged. 


@ Microprocessor compatible 
The Am2960 is designed to work with Z8000 micropro- 
cessor systems as well as high performance 2900 designs. 


e Advanced circuit and process technologies 
Newest 2900 LSI techniques provide very high 
performance. 
Data-in to error detection typically 30ns 
Data-in to correct data out typically 50ns 

@ Built-in Diagnostics 
Extra logic on the chip provides diagnostic functions to be 
used during device test and for system diagnostics. 


BLOCK DIAGRAM 


Le out [> 
OE BYTE 0 [_> 
CBo.g 
(CHECK 

BITS) 








DatAs 7 ESP a 
BYTE.O 
DATA 
DATAg-15 cs yl 
eee BYTE 1 


)E BYTE 1{_> 
t INPUT y 
INPUT 
LATCH 
BYTE 1 
CHECK BIT 
INPUT 


) Lee 
DIAGNOSTIC 
3 
CODE ID [_> 
DIAG MoDE (> - 
cC—-—— CONTROL 
PASS THRU Loaic 
GENERATE [_> 
CORRECT [_> 


CORREC- 
TION 
LOGIC . 


16 BIT-IN- | 7 
ERROR 


OECODE 





LE INL > 


LE DIAG [> 


MUX 












GENERAL DESCRIPTION 


The Am2960 Error Detection and Correction Unit (EDC) contains 
the logic necessary to generate check bits on a 16-bit data fieid 
according to a modified Hamming Code, and to correct the data 
word when check bits are supplied. Operating on data read from 
memory, the Am2960 will correct any single bit error and will 
detect all double and some triple bit errors. For 16-bit words, 6 
check bits are used. The Am2960 is expandable to operate on 
32-bit words (7 check bits) and 64-bit words (8 check bits). In all 
configurations, the device makes the error syndrome available on 
separate outputs for data logging. 


The Am2960 also features two diagnostic modes, in which diag- 
nostic data can be forced into portions of the chip to simplify 
device testing and to execute system diagnostic functions. The 
product is supplied in a 48 lead hermetic DIP package. 





SCo. 
SYNDROME! 
CHECK BITS 





DRIVERS 










7 
SYNOROME ERROR 


DETECTION 
[ > MULT ERROR 





MPR-729 
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BLOCK DIAGRAM 






LE OUT 
OE BYTE 0 

























CBo.¢ 
(CHECK 
BITS) 
DAIAg.7 
BYTE 0 CORREC- | 46 BITIN- | 7 
DATA TION ERROR 
LOGIC DECODE 
DATAs.15 os pitas 
OE BYTE 1[. > 


ul 7 7 SCo.6 


| >> SYNDROME/ 
CHECK BITS 











<_] OE sc 


[> ERROR 











SYNDROME 
GENERA- 
TION 


ERROR 





DETECTION 





|_> MULT ERROR 














DIAGNOSTIC 


LE DIAG L_> 








CODE ID 
DIAG MODE[ > 
CONTROL 
PA 
SS THRU | > oGic 
GENERATE [ > 
CORRECT [> 










096cwiy 












EDC Architecture 


The EDC Unit is a powerful 16-bit cascadable slice used for 
check bit generation, error.detection, error correction and diag- 
nostics. 


As shown in the biock diagram, the device consists of the 
following: 


-— Data Input Latch 

— Check Bit Input Latch 

— Check Bit Generation Logic 
Syndrome Generation Logic 
— Error Detection Logic 

— Error Correction Logic 

Data Output Latch 

— Diagnostic Latch 

-~— Control Logic 


| 


Data Input Latch 


16 bits of data are loaded from the bidirectional DATA lines 
under control of the Latch Enable input, LE IN. Depending on the 
control mode the input data.is either used for check bit genera- 
tion or error detection/correction. 


Check Bit Input Latch 


Seven check bits are loaded under control of LE IN. Check bits 
are used in the Error Detection and Error Correction modes. 


Check Bit Generation Logic 


This block generates the appropriate check bits for the 16 bits of 
data in the Data Input Latch. The check bits are generated ac- 
cording to a modified Hamming code. 


Syndrome Generation Logic 


In both Error Detection and Error Correction modes, this logic 
block compares the check bits read from memory against a 
newly generated set of check bits produced for the data read in 
from memory. If both sets of check bits match, then there are no 
errors. If there is a mismatch, then one or more of the data or 
check bits is in error. 


The syndrome bits are produced by an exclusive-OR of the two — 


sets of check bits. If the two sets of check bits are identical 


Am2960 





(meaning there are no errors) the syndrome bits will be all 
zeroes. If there are errors, the syndrome bits can be decoded to 
determine the number of errors and the bit-in-error. 


Error Detection Logic 


This section decodes the syndrome bits generated by the Syn- 
drome Generation Logic. If there are no errors in either the input 
data or check bits, the ERROR and MULTI ERROR outputs 
remain HIGH. If one or more errors are detected, ERROR goes 
LOW. If two or more errors are detected, both ERROR and 
MULTI ERROR go LOW. 


Error Correction Logic 





For single errors, the Error Correction Logic complements (cor- 
rects) the single data bit in error. This corrected data is loadable 
into the Data Output Latch, which can then be read onto the 
bidirectional data lines. If the single error is one of the check bits, 
the correction logic does not place corrected check bits on the 
syndrome/check bit outputs. If the corrected check bits are 
needed the EDC must be switched to Generate Mode. 


Data Output Latch 


The Data Output Latch is used for storing the result of an error 
correction operation. The latch is loaded from the correction 
logic under controi of the Data Output Latch Enable, LE OUT. 
The Data Output Latch may also be loaded directly from the 
Data Input Latch under control of the PASS THRU control input. 


The Data Output Latch is split into two 8-bit (byte) latches which 
maiy be enabled independently for reading onto the bidirectional 
data lines. 


Diagnostic Latch 


This is a 16-bit latch loadable from the bidirectional data lines 
under control of the Diagnostic Latch Enable, LE DIAG. The 
Diagnostic Latch contains check bit information in one byte and 
control information in the other byte. The Diagnostic Latch is 
used for driving the device when in Internal Control Mode, or for 
supplying check bits when in one of the Diagnostic Modes. 


Control Logic 


The control logic determines the specific mode the device oper- 
ates in. Normally the control logic is driven by external! control 
inputs. However, in Internal Control Mode, the control signals 
are instead read from the Diagnostic Latch. 
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Am2960 


PIN DEFINITIONS 


DATAg.15 


CBo.¢ 


LE IN 


GENERATE 


SCo.6 


OE SC 


ERROR 


MULTI 
ERROR 


16 bidirectiorial data lines. They provide input to 
the Data Input Latch and Diagnostic Latch, and 
receive output from the Data Output Latch. DATA 
is the least significant bit; DATA; the most sig- 
nificant. 


Seven Check. Bit input lines. The check bit lines 
are used to input check bits for error detection. 
Also used to input syndrome bits for error correc- 
tion in 32 ancl 64-bit configurations. 


Latch Enable — Data Input Latch. Controls latch- 
ing of the input data. When HIGH the Data Input 
Latch and Check Bit Input Latch follow the input 
data and input check bits. When LOW, the Data 
Input Latch and Check Bit Input Latch are latched 
to their previous state. 


Generate Check Bits input. When this input is 
LOW the EDC is in the Check Bit Generate Mode. 
When HIGH the EDC is in the Detect Mode or 
Correct Mode. 


In the Generate Mode the circuit generates the 
check bits or partial check bits specific to the data 
in the Data Input Latch. The generated check bits 
are placed on the SC outputs. 


In the Detect or Correct Modes the EDC detects 
single and multiple errors, and generates syn- 
drome bits based upon the contents of the Data 
Input Latch and Check Bit Input Latch. In Correct 
Mode, single-ait errors are also automatically cor- 
rected — corrected data is placed at the inputs of 
the Data Output Latch. The syndrome result is 
placed on the SC outputs and indicates in a coded 
form the number of errors and the bit-in-error. 


Syndrome/Check Bit outputs. These seven lines 
hold the check/partial-check bits when the EDC is 
in Generate Mode, and will hold the syndrome/ 
partial syndrome bits when the device is in Detect 
or Correct Modes. These are 3-state outputs. 


Output Enable — Syndrome/Check Bits. When 
LOW, the 3-state output lines SCo., are enabled. 
When HIGH, the SC outputs are in the high im- 
pedance state. 


Error Detected output. When the EDC is in Detect 
or Correct Mode, this output will go LOW if one or 
more syndrome bits are asserted, meaning there 
are one or more bit errors in the data or check bits. 
If no syndrome bits are asserted, there are no er- 
rors detected and the output will be HIGH. In Gen- 
erate Mode, ERROR is forced HIGH. (In a 64-bit 
configuration, ERROR must be externally im- 
plemented.) 


Multiple Errors Detected output. When the EDC is 
in Detect or Correct Mode, this output if LOW indi- 
cates that there are two or more bit errors that 
have been detected. If HIGH this indicates that 
either one or no errors have been detected. In 





CORRECT 


LE OUT 


OE BYTE 0, 
OE BYTE 1 


PASS 
THRU 


DIAG 
MODE .; 


CODE IDo_2 


LE DIAG 
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Generate Mode, MULT! ERROR is forced HIGH. 
(In a.64-bit configuration, MULT] ERROR must be 
externally implemented.) 


Correct input. When HIGH this signal allows the 
correction network to correct any single-bit error in 
the Data Input Latch (by complementing the 
bit-in-error) before putting it onto the Data Output 
Latch. When LOW the EDC will drive data directly 
from the Data Input Latch to the Data Output Latch 
without correction. 


Latch Enable — Data Output Latch. Controls the 
latching of the Data Output-Latch. When LOW the 
Data Output-Latch is latched to its previous state. 
When HIGH’ the Data Output Latch follows the 
output of the Data Input Latch as modified by the 
correction logic network. In Correct Mode, single- 
bit errors are corrected by the network before 
loading into the Data Output Latch. In Detect 
Mode, the contents of the Data Input Latch are 
passed through the correction network. unchanged 
into the Data Output Latch. The inputs to the Data 
Output Latch are unspecified if the EDC is in Gen- 
erate Mode. 


Output Enable — Bytes 0 and 1, Data Output 
Latch. These lines control the 3-state outputs for 
each of the two bytes of the Data Output Latch. 
When LOW these lines enable the Data Output 
Latch and when HIGH these lines force the Data 
Output Latch into the high impedance state. The 
two enable lines can be separately activated to 
enable only one byte of the Data Output Latch at a 
time. 


Pass Thru input. This line when HIGH forces the 
contents of the Check Bit Input Latch onto the 
Syndrome/Check Bit outputs (SCo_g) and the un- 
modified contents of the Data Input Latch onto the 
inputs of the Data Output Latch. 


Diagnostic Mode Select. These two lines control 
the initialization and diagnostic operation of the 
EDC. 


Code Identification inputs. These three bits iden- 
tify the size of the total data word to be processed 
and which 16-bit slice of larger data words a par- 
ticular EDC is processing. The three allowable 
data word sizes are 16, 32 and 64 bits and their 
respective modified Hamming codes are desig- 
nated 16/22, 32/39 and 64/72. Special CODE ID 
input 001 (IDp2, ID;, Dg) is also used to instruct the 
EDC that the signals CODE IDp.2, DIAG 
MODE,.;, CORRECT and PASS THRU are to be 
taken from the Diagnostic Latch, rather than from 
the input control lines. 


Latch Enable — Diagnostic Latch. When HIGH the 
Diagnostic Latch follows the 16-bit data on the 
input lines. When LOW the outputs of the Diag- 
nostic Latch are latched to their previous states. 
The Diagnostic Latch holds diagnostic check bits, 
and internal control signals for CODE IDp.2, DIAG 
MODE ,.;, CORRECT and PASS THRU. 








FUNCTIONAL DESCRIPTION 


The EDC contains the logic necessary to generate check bits on 
a 16-bit data field according to a modified Hamming code. Oper- 
ating on data read from memory, the EDC will correct any 
single-bit error, and will detect all double and some triple-bit 
errors. The Am2960 may be configured to operate on 16-bit data 
words (with 6 check bits), 32-bit data words (with 7 check bits) 
and 64-bit data words (with 8 check bits). In all configurations, 
the device makes the error syndrome bits available on separate 
outputs for error data logging. 


Code and Byte Specification 


The EDC may be configured in several different ways and oper- 
ates differently in each configuration. It is necessary to indicate 
to the device what size data word is involved and which bytes of 
the data word it is processing. This is done with input lines 
CODE ID9.2, as shown in Table I. The three modified Hamming 
codes referred to in Table | are: 


@ 16/22 code — 16 data bits 

— 6 check bits 

— 22 bits in total. 
@ 32/39 code — 32 data bits 

— 7 check bits 

— 39 bits in total. 
@ 64/72 code — 64 data bits 

— 8 check bits 

— 72 bits in total. 


CODE ID input 001 (ID»z, ID;, IDg) is a special code used to 
operate the device in Internal Control Mode (described later in 
this section). 


TABLE |. HAMMING CODE AND SLICE IDENTIFICATION. 


CODE |CODE . 
ID, IDp | Hamming Code and Slice Selected 


Code 16/22 

Internal Control Mode 

Code 32/39, Bytes 0 and 1 
Code 32/39, Bytes 2 and 3 
Code 64/72, Bytes 0 and 1 
Code 64/72, Bytes 2 and 3 
Code 64/72, Bytes 4 and 5 
Code 64/72, Bytes 6 and 7 
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Control Mode Selection 


The device control lines are GENERATE , CORRECT , PASS 
THRU, DIAG MODE ., and CODE !Dp.2. Table Il indicates the 
control modes selected by various combinations of the control 
line inputs. 


Diagnostics 


Table I!l shows specifically how DIAG MODE ., select between 
normal operation, initialization and one of two diagnostic modes. 


The Diagnostic Modes allow the user to operate the EDC under 
software control in order to verify proper functioning of the 
device. 
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Check and Syndrome Bit Labeling 
The check bits generated in the EDC are designated as follows: 


@ 16-bit configuration - CX CO, C1, C2, C4, C8; 
@ 32-bit configuration — CX, CO, C1, C2, C4, C8, C16; 
© 64-bit configuration — CX, CO, C1, C2, C4, C8, C16, C32. 


Syndrome bits are similarly labeled SX through S32. There are 
only 6 syndrome bits in the 16-bit configuration, 7 for 32 bits and 
8 syndrome bits in the 64-bit configuration. 


FUNCTIONAL DESCRIPTION — 
16-BIT DATA WORD CONFIGURATION 


The 16-bit format consists of 16 data bits, 6 check bits and is 
referred to as 16/22 code (see Figure 1). 


The 16-bit configuration is shown in Figure 2. 


Generate Mode 


In this mode check bits will be generated that correspond to the 
contents of the’ Data Input Latch. The check bits generated 
are placed on the outputs SCo.5 (SCg is unspecified for 16-bit 
operation). 


Check bits are generated according to a modified Hamming 
code. Details of the code for check bit generation are contained 
in Table IV. Each check bit is generated as either an XOR or 
XNOR of eight of the 16 data bits as indicated in the table. The 
XOR function results in an even parity check bit, the XNOR is an 
odd parity check bit. 


Detect Mode 


In this mode the device examines the contents of the Data Input 
Latch against the Check Bit Input Latch, and will detect ail 
single-bit errors, all double-bit errors and some triple-bit errors. If 
one or more errors are detected, ERROR goes LOW. If two or 
more errors are detected, MULTI ERROR goes LOW. Both error 
incicators are HIGH if there are no errors. 


Also available on device outputs SCo.5 are the syndrome bits 
generated by the error detection step. The syndrome bits may 
be decoded to determine if a bit error was detected and, for 
single-bit errors, which of the data or check bits is in error. Table 
V gives the chart for decoding the syndrome bits generated by 
the 16-bit configuration (as an example, if the syndrome bits 
SX/S0/S1/S2/S4/S8 were 101001 this would be decoded to indi- 
cate that there is a single-bit error at data bit 9). If no error is 
detected the syndrome bits will all be zeroes. 


In Detect Mode, the contents of the Data Input Latch are driven 
directly to the inputs of the Data Output Latch without correction. 


Correct Mode 


In this mode, the EDC functions the same as in Detect Mode 
except that the correction network is allowed to correct (com- 
plement) any single-bit error of the Data Input Latch before put- 
ting it onto the inputs of the Data Output Latch. If multiple errors 
are detected, the output of the correction network is unspecified. 
If the single-bit error is a check bit there is no automatic correc- 
tion. If check bit correction is desired, this can be done by plac- 
ing the device in Generate Mode to produce a correct check bit 
sequence for the data in the Data Input Latch. 


Pass Thru Mode 


in this mode, the unmodified contents of the Data Input Latch 
are placed on the inputs of the Data Output Latch and the con- 
tents of the Check Bit Input Latch are placed on outputs SCp_>5. 
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TABLE Il. EDC CONTROL MODE SELECTION. 


DIAG MODEy., | CODE IDo.> 
CORRECT | PASS THRU (DM,, DMp) (ID>, ID;, IDg) Control Mode Selected 


Low Low 00 Not oo 
LOW 01 Not 001 Generate Using Diagnostic Latch 


GENERATE 




























































































































































































HIGH Not 001 Pass Thru 

LOW Not 001 Initialize 

HIGH Not 001 Pass Thru 

HIGH Not 001 Undefined 

LOW Not 001 Detect Using Diagnostic Latch 





HIGH 01 Not 001 ' Pass Thru 
HIGH 10 Not 001 Pass Thru 


HIGH 1 Undefined 

















































LOW 01 Not 001 Correct 
LOW 11 Not 001 Initialize 
HIGH ~ 00 Not 001 Pass Thru 


















Not 001 
Not 001 
Not 001 
001 


Pass Thru 












HIGH 01 
HIGH 10 

HIGH 11 
Any Any 

















Pass Thru 
Undefined 


Internal Control Using Diagnostic Latch 


Diagnostic Mode Selected 


Non-diagnostic mode. The EDC functions normaily in all modes. 


Diagnostic Mode A. The contents of the Diagnostic Latch are substi- 
tuted for the normally generated check bits when in the Generate Mode. 
The EDC functions normally in the Detect or Correct modes. 


Diagnostic Mode B. In the Detect or Correct Mode, the contents of the 
Diagnostic Latch are substituted for the check bits normally read from 
the Check Bit Input Latch. The EDC functions normally in the 

Generate Mode. 






































































Initialize. The inputs of the Data Output Latch are forced to zeroes and 
the check bits generated correspond to the all-zero data. 
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INPUT CHECK BITS 
FOR 16-BiIT CONFIGURATION 
a DONT 
DATAg;5 CX CO Cl C2 C4 C8 CARE 






























DATA CHECK BITS 


15 817 0 


Uses Modified Hamming Code 16/22 


CB) CB, CB, CB, CB, CB; CB, 

















SCy SC, 





SC, SC3 SC, SCs SC, 


— 16 data bits Soest lesa 
— 6 check bits CONFIGURATION 
— 22 bits in total S0/Cco $2/c2 $8/C8 


ee 


SYNDROME/CHECK BIT OUTPUTS 
FOR 16-BIT CONFIGURATION 


Figure 1. 16 Bit Data Format. Figure 2. 16 Bit Configuration. 
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TABLE IV. 16-BIT MODIFIED HAMMING CODE — CHECK BIT ENCODE CHART. 





Participating 
Data Bits 


8 9 10 11/12 13 14 15 
xX X Xx X 


Generated 
Check 














TABLE V. SYNDROME DECODE 
TO BIT-IN-ERROR. 


TABLE VI. DIAGNOSTIC LATCH LOADING — 
16-BIT FORMAT. 


internal Function 


Diagnostic Check Bit X 
Diagnostic Check Bit 0 

Diagnostic Check Bit 1 
Diagnostic Check Bit 2 
Diagnostic Check Bit 4 
Diagnostic Check Bit 8 
Don’t Care 
CODE ID 0 
CODE ID 1 
CODE ID 2 
DIAG MODE 0 
DIAG MODE 1 
CORRECT 
PASS THRU 
Don’t Care 





Syndrome S8 
Bits $4 
$2 


Data Bit 







SX SO S1 



























% — no errors detected 

Number — the location of the single bit-in-error 
T — two errors detected 

M — three or more errors detected 
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Diagnostic Latch 


The Diagnostic Latch serves both for diagnostic uses and inter- 
nal control uses. it is loaded from the DATA lines under the 
control of LE DIAG. Table V! shows the loading definitions for 
the DATA lines. 


Generate Using Diagnostic: Latch (Diagnostic Mode A) 
Detect Using Diagnostic Latch (Diagnostic Mode B) 
Correct Using Diagnostic t.atch (Diagnostic Mode B) 


These are special diagnostic modes selected by DIAG MODE ., 
where either normal check bit inputs or outputs are substituted 
for by check bits loaded into the Diagnostic Latch. See Table III 
for details. 


Internal Control Mode 
This mode is selected by CODE IDpo.9 input 001 (IDz, ID;, Do). 


When in Internal Control Mode, the EDC takes the CODE IDo.», 
DIAG MODE ).,, CORRECT and PASS THRU control signals 
from the internal Diagnostic |_atch rather than from the external 
input lines. 


Table VI gives the format for loading the Diagnostic Latch. 


FUNCTIONAL DESCRIPTION — 
32-BIT DATA WORD CONFIGURATION 


The 32-bit format consists of 32 data bits, 7 check bits and is 
referred to as 32/39 code (see Figure 3). 


The 32-bit configuration is shown in Figure 4. 


The upper EDC (Slice 0/1) handles the least significant bytes 0 
and 1 — the external DATA lines 0 to 15 are connected to the 
same numbered inputs of thie upper device. The lower EDC 
(Slice 2/3) handles the most significant bytes 2 and 3 — the 
external DATA lines for bits 16 to 31 are connected to inputs 
DATA through DATA;s respectively. 


The valid syndrome and check bit outputs are those of Slice 2/3 
as shown in the diagram. In Correct Mode these must be read 
into Slice 0/1 via the CB inputs, thus requiring external buffering 
and output enabling of the check bit lines as shown. The OE SC 
signal can be used to control enabling of check bit inputs — 
when syndrome outputs are enabled, the external check bit in- 
puts will be disabled. 


The valid ERROR and MULT! ERROR outputs are those of the 
Slice 2/3. The ERROR and MULTI ERROR outputs of Slice 0/1 
are unspecified. All of the latch enables and control signals must 
be input to both of the devices. 


Generate Mode 


In this mode check bits will be: generated that correspond to the 
contents of the Data Input Latch. The check bits generated are 
placed on the outputs SCo-¢ of Slice 2/3. 


Uses Modified Hamming Code 32/39 
— 32 data bits 

— 7 check bits 

— 39 bits in total 


Check bits are generated according to a modified Hamming 
code. Details of the code for check bit generation are contained 
in Table VII. Check bits are generated as either an XOR or 
XNOR ot 16 of the 32 data bits as indicated in the table. The 
XOR function results in an even parity check bit, the XNOR in an 
odd parity check bit. 


Detect Mode 


In this mode the device examines the contents of the Data Input 
Latch against the Check Bit Input Latch, and will detect all 
single-bit errors, all double-bit errors and some triple-bit errors. If 
one or more errors are detected, ERROR goes LOW. If two or 
more errors are detected, MULTI ERROR goes LOW. Both error 
indicators are HIGH if there are no errors. The valid ERROR and 
MULTI ERROR signals are those of Slice 2/3 — those of Slice 
0/1 are undefined. 


Also available on Slice 2/3 outputs SCo.¢ are the syndrome bits 
generated by the error detection step. The syndrome bits may 
be decoded to determine if a bit error was detected and, for 
single-bit errors, which of the data or check bits is in error. Table 
VII gives the chart for decoding the syndrome bits generated for 
the 32-bit configuration (as an example, if the syndrome bits 
SX/S0/S1/S2/S4/S8/S16 were 0010011 this would be decoded to 
indicate that there is a single-bit error at data bit 25). If no error is 
detected the syndrome bits will be all zeroes. 


In Detect Mode, the contents of the Data Input Latch are driven 
directly to the inputs of the Data Output Latch without correc: 
tions. 


Correct Mode 


In this mode, the EDC functions the same as in Detect Mode 
except that the correction network is allowed to correct (com- 
plement) any single-bit error of the Data Input Latch before put- 
ting it onto the inputs of the Data Output Latch. if multiple errors 
are detected, the output of the correction network is unspecified. 
If the single-bit error is a check bit there is no automatic correc- 
tion — if desired this would be done by placing the device in 
Generate Mode to produce a correct check bit sequence for the 
data in the Data Input Latch. 


For data correction, both Slices 0/1 and 2/3 require access to the 
syndrome bits on Slice 2/3’s outputs SCp.¢. Slice 2/3 has access 
to these syndrome bits through internal data paths, but for Slice 
0/1 they must be read through the inputs CBo.g. The device 
connections for this are shown in Figure 4. When in Correct 
Mode the SC outputs must be enabled so that they are available 
for reading in through the CB inputs. 


Pass Thru Mode 


In this mode, the unmodified contents of the Data Input Latch 
are placed on the inputs of the Data Output Latch and the con- 
tents of the Check Bit Input Latch are placed on outputs SCo_¢ of 
Slice 2/3. 


DATA CHECK BITS 


31 24 123 16 115 817 0 


Figure 3. 32 Bit Data Format. 
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INPUT CHECK BITS 


DATA CB 


EDC 
BYTES 0 AND 1 















sc, 





SCp SC, 


DATA CBy CB, CB, CB; 


EDC 
BYTES 2 AND 3 


ERROR MULTI SX/CX SO/CO S1/C1 S2/C2 S4/C4 S8/CH S16/C16 
ERROR . 


OUTPUT SYNDROME/CHECK BITS: 


Figure 4. 32 Bit Configuration. MPR-733 








TABLE VII. 32-BIT MODIFIED HAMMING CODE — CHECK BIT ENCODE CHART. 





Generated 
Check 
Bits 







Participating Data Bits 

































Generated 
Check 












16 17 18 19)20 21 22 23) 24 25 26 27/ 28 


X X X 
Xx X 


























Even (XOR) 
C8 Even (XOR) 


sven oR) | 


The check bit is generated as either an XOR or XNOR of the sixteen data bits noted by an “X” in the table. 
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TABLE Vill. SYNDROME DECODE TO BIT-IN-ERROR. 









$16; 0 
$8 








Syndrome 
Bits 































































0 [cie| ca | T | ca] T 30 
0 T T| 5 7 
0 T tT|3/45| 7 
0 M | 13 231 T{1TI/M 
0 T tT{2[m]T 
0 | 1 | 12 22} T/T TIM 
0 | M | 10 20; T| TIM 
0 T a M|T 
1 i ay 14/7 
11 21 TIM 

9 19/ T/T | 31 

oe Mel oF 

8|tililt{|tiM 

17 tTlas|tl!elm| rt 
m{[t|tialt|4|[mul|t 

rlo|m M TI] M| 


*% — no errors detected 

Numbers — number of the single bit-in-error 
T — two errors detected 

M — three or more errors detected 


Diagnostic Latch 


The Diagnostic Latch serves both for diagnostic uses and inter- 
nal control uses. It is loaded from the DATA lines under the 
control of LE DIAG. Table IX shows the loading definitions for 
the DATA lines. 


Generate Using Diagnostic Latch (Diagnostic Mode A) 
Detect Using Diagnostic Latch (Diagnostic Mode B) 
Correct Using Diagnostic Latch (Diagnostic Mode -B) 


These are special diagnostic modes selected by DIAG MODE ., 
where either normal check bit inputs or outputs are substituted 
for by check bits from the Diagnostic Latch. See Tabie Ill for 
details. 


Internal Controi Mode 
This mode is selected by CODE !Dpo.2, input 001 (ID2, D1, IDo). 


When in Internal Control Mode the device takes the CODE 
IDp.2, DIAG MODE ».;, CORRECT and PASS THRU signals 


from the internal Diagnostic Latch rather than from the external 
control lines. 


Table IX gives the format for loading the Diagnostic Latch. 


FUNCTIONAL DESCRIPTION — 
64-BIT DATA WORD CONFIGURATION 


The 64-bit format consists of 64 data bits, 8 check bits and is 
referred to as 64/72 code (see Figure 5). 


The configuration to process 64-bit format is shown in Figure 6. 
In this configuration a portion of the syndrome generation and 
error detection is implemented externally of the EDCs in MSI. 
For error correction the syndrome bits generated must be read 
back into all four EDCs through the CB inputs. This necessitates 
the check bit buffering shown in the connection diagram of Fig- 
ure 6. The OE SC signal can control the check bit enabling — 
when syndrome bit outputs are enabled the external check bit 
lines will be disabled so that the syndrome bits may be read onto 
the CB inputs. 


TABLE IX. DIAGNOSTIC LATCH LOADING — 
32-BIT FORMAT. 










Data Bit 


Diagnostic Check Bit 4 


Diagnostic Check Bit 8 
Diagnostic Check Bit 16 


Don't Care 

Slice 0/1 — CODE ID 0 
Slice 0/1 — CODE ID 1 
Slice 0/1 — CODE ID 2 
Slice 0/1 — DIAG MODE 0 
Slice 0/1 — DIAG MODE 1 
Slice 0/1 — CORRECT 
Slice 0/1 — PASS THRU 
Don’t Care 
24 Slice 2/3 — CODE ID 0 
Slice 2/3 — CODE ID 1 


25 
z 
; 30 


Diagnostic Check Bit 2 


O;@aIN!|® 


























































Slice 2/3 — CORRECT 
Slice 2/3 — PASS THRU 
Don't Care 


DATA 


CHECK BITS 


0 





63 48 | 47 32131 16115 


Uses Modified Hamming Code 64/72 
— 64 data bits 

— 8 check bits 

— 72 bits in total 


Figure 5. 64 Bit Data Format. 
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Bene 
Vv 


MULTI ERROR 










5 DOUBLE ERROR 


BYTES 2 AND 3 


SC, SC 


= == 


i 


Figure 6. Am2960 — 64 Bit Data Configuration. 
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SX/CX 
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input CBg of Slice 0/1 is unused and need not be connected. This is a different meaning for MULTI ERROR than in other 
Output SC¢g of Slice 2/3 is unspecified for the 64-bit configura- configurations. 
tion. 






The error detection signals for the 64-bit configuration differ from 
the 16 and 32-bit configurations. The ERROR signal functions ; ee 
the same: it is LOW if one or more errors are detected, and In this mode check bits will be generated that correspond to the 
HIGH if no errors are detected. The DOUBLE ERROR signal is contents of the Data Input Latch. The check bits generated ap- 
HIGH if and only if a double-bit error is detected — it is LOW pear at the outputs of the XOR gates as indicated in Figure 6. 


Generate Mode 























otherwise. All of the MULT! ERROR outputs of the four devices Check bits are generated according to a modified Hamming 
are valid. MULTI ERROR iss LOW when three or more errors are code. Details of the code for check bit generation are contained 
detected; it is HIGH if either zero, one or two errors are detected. in Table X. Check bits are generated as either an XOR or XNOR 


TABLE X. 64-BIT MODIFIED HAMMING CODE — CHECK BIT ENCODE. 






Generated 
Check 


Participating Data Bits 





Even (XOR) 
Even (XOR) 


Odd (XNOR) 
Odd (XNOR) 


Even (XOR) 
Even (XOR) 


Even (XOR) 
Even (XOR) 

























Generated 
Check 
Bits 







Even (XOR) 
Even (XOR) X 


Odd (XNOR) 
Odd (XNOR) 


Even (XOR) 
Even (XOR) 


Even (XOR) 
Even (XOR) 


Generatec| Participating Data Bits 
Check 


Bits oe 36 37 38 39/40 41 42 43/44 45 46 47 


Even (XOR) xX xX xX xX 
Even (XOR) ° xX Xx Xx x 5 x 
xX xX x x 
x| xX xX 
xX xX 










Odd (XNOR) X 
Odd (XNOR) 


Even (XOR) 
Even (XOR) 


Even (XOR) X 
Even (XOR) 
Participating Data Bits 


Parity |48 49 50 51 ne 56 57 58 59/60 61 62 63 


Even (XOR) x oe x x 
Even (XOR) . Xx X 
x 


x 
Odd (XNOR) x 
Odd (XNOR) 
Even (XOR) x ? 
Even (XOR) xX xX 
Even (XOR) x 
Even (XOR) | X %X xX X}|X X X xX 


The check bit is generated as either an XOR or XNOR of the 32 data bits noted by an “X”" in the table. 





























Generated 
Check 
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of 32 of the 64 bits as indicated in the table. The XOR function 
results in an even parity check bit, the XNOR in an odd parity 
check bit. 


Detect Mode 


In this mode the device examines the contents of the Data Input 
Latch against the Check Bit Input Latch, and will detect all 
single-bit errors, all double-bit errors and some triple-bit errors. If 
one or more errors are detected, ERROR goes LOW. If exactly 
two errors are detected, DOUBLE ERROR goes HIGH. If three 
or more errors are detected, MULT] ERROR goes LOW — the 
MULTI ERROR output of any of the four EDCs may be used. 


Available as XOR gate outputs are the generated syndrome bits 
(see Figure 6). The syndrome bits may be decoded to determine 
if a bit error was detected and, for single-bit errors, which of the 
data or check bits is in error. Table XI gives the chart for encod- 
ing the syndrome bits generated for the 64-bit configuration (as 
an example, if the syndrome bits SX/S0/S1/S2/S4/S8/S16/S32 
were 00100101 this would be decoded to indicate that there is a 
single-bit error at data bit 41). If no error is detected the syn- 
drome bits will all be zeroes. 


in Detect Mode the contents of the Data Input Latch are driven 
directly to the inputs of the Data Output Latch without correc- 
tions. 


Am2960 





Correct Mode 


In this mode, the EDC functions the same as in Detect Mode 
except that the correction network is allowed to correct (com- 
plement) any single-bit error of the Data Input Latch before put- 
ting it onto the inputs of the Data Output Latch. If multiple errors 
are detected, the output of the correction network is unspecified. 
If the single bit error is a check bit there is no automatic correc- 
tion. Check bit correction can be done by placing the device in 
generate mode to produce a correct check bit sequence for the 
data in the Data Input Latch. 


To perform the correction step, all four slices require access to 
the syndrome bits which are generated externally of the devices. 
This access is provided by reading the syndrome bits in through 
the CB inputs. The device connections for this are shown in 
Figure 6. When in Correct Mode the SC outputs must be en- 
abled so that the syndrome bits are available at the CB inputs. 


Pass Thru Mode 


In this mode, the unmodified contents of the Data Input Latch 
are placed on the inputs of the Data Output Latch, and the 
coritents of the Check Bit Input Latch are passed through the 
external XOR network and appear unmodified at the XOR gate 
outputs labeled CX to C32 (see Figure 6). 





TABLE XI. SYNDROME DECODE TO BIT-IN-ERROR. 










Syndrome $32 
Bits S16 
$8 
$4 









SX SO Si S2 
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% — no errors detected 
Number — the number of the single bit-in-error 

T — two errors detected ; 
M — more than two errors detected 
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Diagnostic Latch 


The Diagnostic Latch serves both for diagnostic uses and inter- 
nal control uses. It is loaded from the DATA lines under the 
contro! of LE DIAG. Table XII shows the loading definitions for 
the DATA lines. 


Generate Using Diagnostic Latch (Diagnostic Mode A) 
Detect Using Diagnostic L.atch (Diagnostic Mode B) 
Correct Using Diagnostic Latch (Diagnostic Mode B) 


Data Bit 


Internal Function 
Diagnostic Check Bit X 
Diagnostic Check Bit 0 
Diagnostic Check Bit 1 
Diagnostic Check Bit 2 
Diagnostic Check Bit 4 
Diagnostic Check Bit 8 
Don't Care 
Slice 0/1 — CODE IDO 
Slice 0/1 — CODE ID 1 
Slice 0/1 — CODE ID 2 
Slice 0/1 — DIAG MODE 0 
Slice 0/1 — DIAG MODE 1 
Slice 0/1 — CORRECT 
Slice 0/1 — PASS THRU 
Don’t Care 

















Don't Care’ 

Slice 2/3 — CODE ID 0 
Slice 2/3 — CODE ID 1 
Slice 2/3 — CODE ID 2 
Slice 2/3 — DIAG MODE 0 
Slice 2/3 — DIAG MODE 1 
Slice 2/3 — CORRECT 
Slice 2/3 — PASS THRU 
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These are special diagnostic modes selected by DIAG MODE ., 
where either normal check bit inputs or outputs are substituted 
for by check bits from the Diagnostic Latch. See Table Ill for 
details. 


Internal Control Mode 
This mode is selected by CODE !Do.2, input 001 (IDp, IDy, IDp). 


When in Internal Control Mode the EDC takes the CODE IDo.-», 
DIAG MODE .,, CORRECT and PASS THRU signals from the 
internal Diagnostic Latch rather than from the external control 
lines. Table XII gives format for loading the Diagnostic Latch. 





TABLE XII. DIAGNOSTIC LATCH LOADING — 64-BIT FORMAT. 










z 
41 
2 







[ar | sice 46 — cone 1 | 
55 
56 
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| Cd Diagnostic Check Bit 32 

| se | Sco 7 CODEIDO 
7 Stee 7 = CODED 
eee =| 
| se 


58 Slice 6/7 — CODE ID 2 
59 
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LOGIC SYMBOL CONNECTION DIAGRAM 


Top View 


— 
e 


DATAi5-0 CBo.¢ 


GENERATE 


CORRECT 


2 
3 
4 
§ 
6 
7 
8 
9 


PASS THRU 


CODE Dp.» 


DIAG MODE».,; 


U) 
ERROR ERROR 





Note: Pin 1 is marked for orientation. 
MPR-736 





MPR-737 


2-327 





Am2960 


APPLICATIONS 


The EDC unit may be used in two different ways depending 
upon whether the design objective is to minimize the total time 
for memory operations or to minimize system complexity. 


Check-Only Configuration 


Figure 7 shows the EDC unit in a Check-Only configuration. This 
method minimizes the delay needed on memory operations for 
EDC. 


On writes to memory the EDC unit generates check-bits. On 
reads from memory, the EDC unit monitors the data and check 
bits. If an error is detected, the CPU is interrupted — the CPU 
then issues the appropriate control signals to the EDC unit to 
correct the data, write back into memory and/or perform diag- 
nostics and error NESTS Bnd Or UOg 
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Figure 7. Check-Only Configuration. 


___ CONTROL 


| sare ERROR ERROR 


EDC UNIT 


Figure 8. Correct-Always Configuration. 


Correct-Always Configuration 


Figure 8 illustrates the use of EDC unit in a Correct-Always 
configuration. This method has the advantage of being less 
complex than the Check-Only configuration. Memory operations 
are slower in this configuration since on reads from memory, 
data is always passed through the EDC unit for correction. This 
method does not necessarily slow down total system speed if 
the CPU cycle-time is the constraint on system speed. 





in the Correct-Always configuration, check bits are generated by 
the EDC on writes into memory. On reads from memory, the 
check and data bits are loaded into the EDC unit — after a delay, 
corrected data is available at the EDC unit’s outputs and is 
placed on the system bus. If the data was not correctable, then 
the MULTI ERROR output will go active and may be used to 
interrupt the CPU. 
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4-Bit Error Correction Multiple Bus Buffers 

































DISTINCTIVE CHARACTERISTICS 


® Quad high-speed LSI bus-transceiver 

e Provides complete data path interface between the Am2960 
Error Detection and Correction Unit, the system data bus and 
dynamic RAM memory 

Three-state 24mA output to data bus 

Three-state data output to memory 

Inverting data bus for Am2961 and non-inverting for Am2962 
Data bus latches allow operation with multiplexed buses 
Advanced low-power Schottky processing 

Space saving 24-pin 0.3” package 

100% product assurance screening to MIL-STD-883 
requirements 


FUNCTIONAL DESCRIPTION 


The Am2961 and Am2962 are high-performance, low-power 
Schottky multiple bus buffers that provide the complete data path 
interface between the Am2960 Error Detection and Correction 
Unit, dynamic RAM memory and the system data bus. The 
Am2961 provides an inverting data path between the data bus 
(B;) and the Am2960 error correction data input (Y;) and the 
Am2962 provides a non-inverting configuration (B; to Yj). Both 
devices provide inverting data paths between the Am2960 and 
memory data bus thereby optimizing internal data path speeds. 


The Am2961 and Am2962 are 4-bit devices. Four devices are 
used to interface each 16-bit Am2960 Error Detection and Cor- 
rection Unit with dynamic memory. The system can easily be 
expanded to 32 or more bits for wider memory appligations. The 
4-bit configuration allows enabling the appragi devices 
two-at-a-time for intermixed word or byte, r@ 
systems with error correction. 









































Data latches between the err 
tem data bus facilitate 
8-bits. They also provig 
tep system operation: 
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*Am2962 is the same function but non-inverting to the system data bus, B. Note: Pin 1 is marked for orientation. 
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Am2964 


Dynamic Memory Controller 


IN DEVELOPMENT 

















DISTINCTIVE CHARACTERISTICS 


e@ Dynamic Memory Controller for 16K and 64K MOS dynamic 
RAMs 

8-Bit Refresh Counter for refresh address generation, has 

clear input and terminal count output 

e@ Refresh Counter terminal count selectable at 256 or 128 

@ Latch Input RAS Decoder provides 4 RAS outputs, all active 
during refresh 

© Dual 8-Bit Address Latches plus separate RAS Decoder 
Latches 

@ Grouping functions on a common chip minimizes speed 
differential/skew between address, RAS and CAS outputs 

e 3-Port, 8-Bit Address Multiplexer with Schottky speed 

Burst mode, distributed refresh or transparent refresh mode 
determined by user 

@ Non-inverting address, FAS and CAS paths 

® 100% product assurance screening to MIL-STD-883 

requirements 


LOGIC DIAGRAM 
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FUNCTIONAL DESCRIPTION 


The Am2964 Dynamic Memory Controller replaces several MSI 
devices by grouping several unique functions. Two 8-bit latches 
capture and hold the memory address. These latches and a 
clearable, 8-bit refresh counter feed into an 8-bit, 3-input, 
Schottky speed MUX, for output to the dynamic RAM address 
lines. 


The same silicon chip also includes a special RAS decoder and 
CAS buffer. Placing these functions on the same chip minimizes 
the time skew between output functions which would otherwise 
be separate MSI chips, and therefore, allows a faster memory 
cycle time by the amount of skew eliminated. 


Pulsing the active LOW refresh line RFSH, switches the MUX to 
the counter output, inhibits CAS, and forces RAS decoder 
outputs active simultaneously. The coun) 














Various refresh modes can be accom 
RAMs and for a wide variety 
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Note: Pin 1 is marked for orientation. 
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Am2966 


Octal Dynamic Memory Drivers with Three-State Outputs 













DISTINCTIVE CHARACTERISTICS 


Octal drivers for 16K and 64K Dynamic RAMs 
Maximum performance with —0.5V max undershoot 
No external resistors required 

Improved performance over 'S240/'S244 

tpp specified for 50pF and 500pF 

Specified for Voc = 5.0V +10% for COM'L and MIL 
versions 

Von guaranteed at Voc —1.15V min 

lon and Ig, specified at +2.0V 

Low-power Schottky input characteristics 

Inverting Am2965 and non-inverting Am2966 
Glitch-free 3-state outputs during power-up/down 

Pin compatible replacements for designs using ‘S240 and 
$244 plus external resistors 
Symmetrical controlled rise and fall time 

100% product assurance screening per MIL.-STD-883 

























CONNECTION DIAGRAM 
Top View 


Note: Pin 1 is marked for orientation. 
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LOGIC DIAGRAMS 








FUNCTIONAL DESCRIPTION 


The Am2965 and Am2966 are designed and specified to drive the 
capacitive input characteristics of the address and control lines of 
MOS dynamic RAMs. The unique design of the lower output 
driver includes a collector resistor to control undershoot on the 
HIGH-to-LOW transition. The upper output driver pulls up to Voc 
— 1.15V to be compatible with MOS memory and is designed to 
have arise time symmetrical with the lower output's controlled fall 
time. This. allows optimization of Dynamic RAM performance. 


The Am2965 and Am2966 are pin-compatible with the popular 
$240 and’S244 with identical 3-state output enable controls. The 
Am2965 has inverting drivers and the Am2966 has non-inverting 
drivers. 


The inclusion of an internal resistor in the lower output driver 
eliminates the requirement for an external series resistor, there- 
fore reducing package count and the board area required. The 
internal resistor controls the output fall and undershoot without 
slowing the output rise. 


These devices are designed for use with the Am2964 Dynamic 
Memory Controller where large dynamic memories with highly 
capacitive input lines require additional buffering. Driving eight 
address lines or four RAS and four CAS lines with drivers on the 
same silicon chip also provides a significant performance ad- 
vantage by minimizing skew between drivers. Each device has 
specified skew between drivers to improve the memory access 
worst case timing over the min and max tpp difference of un- 
specified devices. 
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Am2965 * Am2966 


MAXIMUM RATINGS (Above which the useful life may be impaired) 





Storage Temperature 





~65 to +150°C 








Temperature (Ambient) Under Bias 





—55 to +125°C 





Supply Voltage to Ground Potential Continuous 


~0.5 to +7.0V 





oC Voltage Applied to Outputs for High Output State 


--0.5V to +Veco max 











Dc Input Voltage —0.5 to +7.0V 
DC Output Current, into Outputs ; 30mA 
DC Input Current ~30 to +5.0mA 





ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


Am2965/66XC, DC, PC Ta = 9 to 70°C 
Am2965/66XM, DM Ta = —55 to +125°C 
Am2965/66FM To = -55to +125°C Voc 


Veo = 5.0V +10% 
Voc = 5.0V +10% 
5.0V +10% 


(MIN = 4.50V MAX = 5.50V) 
(MIN = 4.50V MAX = 5.50V) 
(MIN = 4.50V MAX = 5.50V) 


DC CHARACTERISTICS OVER OPERATING RANGE 
























Parameters Description Test Conditions (Note 1) Min 
Be || ONT Vin il erin Oe ON Meee es 
Vo. iy Output LOW Voltage Vainio a oes re 

Vin 1 Input HIGH Level rate HIGH saa 
ea er Level —«~«édt«CUarantéed input logical LOW voltage | 





vy 


Sacer ae RE aie ee 








for all inputs 








lie 





Input LOW Current 





{__Input Cl Clamp Voltage [Nee = MIN, lin, = ~18mA 


Voc = MAX, Vin = 0.4V 











vNec = “MAX, VIN = 2.70 





UTS . Input HIGH Current oe 
\; Input HIGH Current 


Voc = MAX, Vin = -7.0V 









































lozH Off-State Current Vo = 27V 

loze Off- State Current Vo = 0.4V 

lou Output | Sink ‘Current VoL = 2.0V 35 

lon Output Source Current You = 2.0V —35 
Output Short C ircuit Current 2 —60 

Isc (Note 3) vec Max (see Ion) 








Am2965 


All Outputs HIGH 
All Outputs LOW 





All Outputs Hi-Z 











Veco = MAX 
Outputs Open 











Supply Current 








Am2966 


All Outputs HIGH 
All Outputs LOW 


All Outputs Hi-Z 





Vec = MAX 
Outputs Open 











Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 


3. Not more than one output should be shorted at atime. Duration of the short circuit test should not exceed one second. 
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Am2965 « Am2966 

SWITCHING CHARACTERISTICS 

(Ta = +25°C, Voc = 5.0V) 

Parameters Description Test Conditions Min Typ Max Units 


(Note 4) 
Propagation Delay Time from 15 
LOW-to-HIGH Output 















Figure 1 Test Circuit 35 
Figure 3 Voltage Levels (Note 4) 


F . and Waveform 
Propagation Delay Time from ad : C= SOpF 20 


HIGH-to-LOW Output - 
C, = 500pF 45 


Output Disable Time from Figures 2 and 4,S = 1 _ 20 
LOW, HIGH Figures 2 and 4, S = 2 12 
































Output Enable Time from Figures 2 and 4, S = 1 20 
LOW, HIGH Figures 2 and 4, S = 2 20 


: _ +3.0 
Output-to-Output Skew Figures 1 and 3, CL = 50pF : (Note 5) 




















Output Voltage Undershoot Figures 1 and 3, C, = 50pF -0.5 


SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE (Note 6) 






Ta = —55 to +125°C 
Voc = 5.0V +10% 







Ta = 0 to 70°C 
Voc = 5.0V +10% 
Parameters Description 


t Propagation Delay Time 

PLH LOW-to-HIGH Output 

t Propagation Delay Time 
PHL HIGH-to-LOW Output 
tpLz Output Disable Time from 
tpHz 


LOW, HIGH 


Notes: 4. Typical time shown for reference only — not tested. 
5. Time Skew specification is guaranteed by design but not tested. ; 
6. AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
7. To = —55 to +125°C for Flatpak versions. 







Figures 1 and 3 








Figures 1 and 3 

























Figures 2 and 4 










Output Enable Time from 
LOW, HIGH 










Figures 2 and 4 





Output Voltage Undershoot 


SWITCHING TEST CIRCUITS 





1 






FROM FROM 6800 
DEVICE DEVICE s 
OUTPUT OUTPUT 


* R Cc. 
I 2k i 50pF ‘i HZ, ZH 
as BLI-129 tL BLI-130 


“tog specified at C = 50 and 500pF. 


Figure 1. Capacitive Load Switching. Figure 2. Three-State Enable/Disabie. 
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TYPICAL SWITCHING CHARACTERISTICS 


VOLTAGE WAVEFORMS 


ENABLE 
INPUT 


-_ oe 











ww KO 1.5V 
a oe 
ov 
teLH ie 
T 
Y io 
BLI-131 ty = tf = 2.5ns BLI-132 ty = ty = 2.5ns 
f = 2.5MHz f = 1MHz 
tow = 200ns tpw = 800ns 
Figure 3. Output Drive Levels. Figure 4. Three-State Control Levels. 









The RAM Driver symmetrical output design offers significant improvement over a standard Schottky output by providing a balanced drive 
output impedance (+330 both HIGH and LOW), and by pulling up to MOS Voy levels (Vcc — 1.15V). External resistors, not required with 
the RAM Driver, protect stanclard Schottky drivers from error causing undershoot but also slow the output rise by adding to the internal R. 


The RAM Driver is optimized to drive LOW at maximum speed based on safe undershoot control and to drive HIGH with a symmetrical 
speed characteristic. This is an optimum approach because the dominant RAM loading characteristic is input capacitance. 


The curves shown below provide performance characteristics typical of both the inverting (Am2965) and non-inverting (Am2966) RAM 
Drivers. 
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Figure 5. tp, y for Voy = 2.7 Volts vs. C,. Figure 6. tpy, for Vo, = 0.8 Volts vs. C,. 


The curves above depict the typical tPLH and tPHL for the RAM Driver outputs as a function of load capacitance. The minimums and 
maximums are shown for worst case design. The typical band is provided as a guide for intermediate capacitive loads. 
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APPLICATION 


64K/256K X 22-BIT MEMORY 


DATA MEMORY 
UPPER BYTE LOWER BYTE 








* 
Am2965/ 
Am2966 



























Q 
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*Address and RAS/CAS drivers each drive 22 RAM inputs at each output. Timing skew is minimized by 
using one device for address lines and one device for RAS/CAS, spreading the CAS loading over four 
drivers to equalize the capacitive load on each driver. 


DYNAMIC MEMORY CONTROL WITH ERROR DETECTION AND CORRECTION 


Metallization and Pad Layouts 
Am2965 





Am2966 


























10' GND 


DIE SIZE 0.094” X 0.060” 
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iGo1 20 |Vcc — 19 26 TG 1 
1A1 2 — 18 1¥1 1A1 2 
2v4 3 — 17 2A4 2v4 3 
1A2 4 | 160 1¥2 1A2 4 
2¥3 5 — 15 2A3 2¥3 5 
1A3 6 — 14 1Y3 1A3 6 
2v2 7 — 13 2A2 2¥2 7 
1A4 8 — 12 1Y4 1Aa 8 
2v1 9 — 11 2A1 2v1 9 











DIE SIZE 0.094” X 0.066” 


Am2965 * Am2966 







ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 







Am2965 Am2966 Package Temperature Screening 
Order Number Order Number Type Range Level 











AM2965PC  AM2966PC—=~P-20 C CA 
AM2965DC  AM2966DC__—iD-20 C C+ 
AM2965DC-B AM2966DC-B _D-20 C B+ 
AM2965DM  AM2966DM _D-20 M C3 
AM2965DMB  AM2966DMB _D-20 M B-3 
AM2965FM  AM2966FM —F-20 M C3 
AM2965FMB = AM2966FMB_F-20 M B-3 
AM2965XC  AM2966XC_—CDice C eee 
AM2965XM  AM2966XM _Diice M 





Method 2010B. 






Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flatpak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix 8B contains several dash numbers, any of the variations of the package may be used unless othewise specified. 
2. C = 0 to 70°C, Voc = 4.50V to 5.50V, M = —55 to +125°C, Voc = 4.50V to 5.50V. 
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 
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Am29112 


Interruptable 8-Bit Microprogram Sequencer 


ADVANCE INFORMATION 


DISTINCTIVE CHARACTERISTICS 


FAST 
Designed to operate in 10MHz microprogrammed systems. 


Expandable 
One Am29112 directly addresses up to 256 words of mi- 
crocode. Two Am29112's can directly address up to 64K words 
of microcode. 


Interruptable 

The Am29112 may be interrupted at the completion of a mi- 
crocycle. Internal states are saved on the stack and the 
Arn29112 branches automatically to the interrupt service 
routine. 


Many Addressing Modes 
Immediate, relative, and N-Way addressing are all possible 
with the Am29112. 


31-Level Stack 
On-chip 31-level stack is used for subroutines, interrupts and 
loops. 


Single or Double Pipeline 
The Am29112 may be configured for either single-level pipeline 
or double-level pipeline operation. 


40-Pin Dual-in-Line Package 


Note: Am2900 High Performance Controller Products Family. 


For information on using the Am29112 with other Am2900 High Perfor- 


mance Controller Products, refer to page 2-339. 


BLOCK DIAGRAM 
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Am29116 


16-Bit Bipolar Microprocessor 


ADVANCE INFORMATION 
















DISTINCTIVE CHARACTERISTICS 


@ Designed for Controller Applications 
Instruction set designed for high performance peripheral con- 
trollers, communications controllers, industrial controllers and 
digital modems. . . but general purpose, too. Excellent solution 
for applications requiring speed and bit-manipulation power. 


e FAST 
Design objective of 100ns maximum microcycle time for all 
instructions. Allows a 10MHz clock rate. 


@ Powerful Instruction Set 
All instructions executabie in single cycle on full 16-bit word or 
on 8-bit byte: 


— Add, Subtract 
— N-bit Rotate 
~ Shift-Up/Shift-Down 









ex C>—_— 








STATUS | 


REGISTER 


TEST 
LoGic 
12 


V 
cT 






— Set-Bit/Reset-Bit 
— Add/Subtract 2% 
~ Rotate & Merge 

— Rotate & Compare 
— CRC Generation 
— Priority Encode 


e Powerful Data Manipulation 
Full 16-bit data path. 32 registers on chip. Direct data input for 
immediate mode instructions. 


Note: Am2900 High Performance Controller Products Family. 


Refer to the following page for more information on the Am2900 High 
Performance Controller Products Family. 
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Am2900 HIGH PERFORMANCE 
CONTROLLER PRODUCTS 


A Better Way is Coming 


A new family of products coming from Advanced Micro Devices 
makes high-performance controller design a snap. 


Microprogramming: Best for Computers, 
Best for Controllers 


Microprogramming, long the preferred approach for computer 
design, offers lots of advantages in controilers as well. The ease 
with which the functions of a microprogrammed controller can be 
enhanced and modified made the original 2900 Family popular 
for many disk, printer and communications controllers. The high 
speed operation of these microprogrammed systems makes it 
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PIPELINE REGISTER 





TO ADDRESS BUS TO CPU 


DATA/CONTROL 


HOST COMPUTER INTERFACE 





© 
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Figure 1. intelligent Controller Configuration. 






possible to handle higher data rates from newer peripheral de- 
vices. and to build intelligence into the controller. 


But the original 2900 products are architecturally oriented 
toward computers, with design features optimized for arithmetic 
functions and short sequences of .microinstructions. MOS pro- 
cessors are good choices for many low speed applications, but 
when the demand for speed and intelligence goes up, they can- 
not keep pace. Controllers need something better. 


Something better has been added to our 2900 Family: New 
products especially for controllers. Through 1980 and 1981, we'll 
be bringing you new products whose architectural features are 
optimized for bit manipulation, character handling, data com- 
munication and long, sophisticated microprograms. (Continued 
on next page) 
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Fast Like You’ve Never Had 


The central element of our new high speed controller family is 
the Am29116 — a 16-bit bipolar microprocessor. It’s not a “bit 
slice” — it's a complete 16-bit processor, with ALU, working 
registers and status register. It can do computer instructions like 
add and subtract, but it’s more than a computer. The Am29116 
has instructions just for controllers — instructions not available in 
any other microprocessor. And it’s fast — designed to run at 
10MHz clock rate, to keep up with the needs of today’s high 
performance peripherals and tomorrow's high speed communi- 
cation channels. 


A Whole Family of Fast 1.SI Controller Parts 


There’s more to our controller family than just the Am29116. A 
new sequencer, the Am29112, has been expressly designed for 
10MHz microprogram control, with features like real-time inter- 
rupt servicing and deep subroutining. Rapid internal data trans- 
fer is handled by the Am2{40 DMA Address Generator and by 
the Am2950 handshaking I/O port. The Am9520 Burst Error 
Processor will provide a solution for error correction on disk 























reads. And special !/O devices are in development for disk in- 
terfaces, fiber optics links and more. Now, more than ever, the 
2900 Family is the better solution for high data rate and highly 
intelligent control problems. 


Typical Configuration Using the 2900 Controller Family 


A typical intelligent controller configuration is shown in Figure 1. 
The basic controller consists of the Am29116, a microprogram 
control unit and a high speed buffer memory. Each microinstruc- 
tion includes: A) a 16-bit instruction field to the Am29116, B) 
next-microinstruction selection bits, C) control for the buffer 
memory, D and E) control for the interface circuits and F) possi- 
bly an 8 or 16-bit data field. 


Interface circuits like the Am2940 and Am2950 are used to pro- 
vide DMA and to pass data between the controller and the host 
computer. Other circuits are used to interface to the peripheral. 
In this example, a disk interface is shown with a serial-parallel 
converter, a FIFO and a burst error processor. Controllers for 
other peripherals use identical hardware except for the 
peripheral interface itself. 
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Am29700 ¢ Am29701 


Non-Inverting Schottky 64-Bit Random Access Memories 













Refer to 


Am27S06 « Am27S07 


in the Bipolar Memory Section 


The Am29700 is replaced by the Am27S06 
(open collector). 


The Am29701 is replaced by the Am27S07 
(3-state). 


Am29702 ¢« Am29703 


Schottky 64-Bit Random Access Memories 









Refer to 


Am27S02 « Am27S03 


in the Bipolar Memory Section 


The Am29702 is replaced by the Am27S02 
(open collector). 


The Am29703 is replaced by the Am27S03 
(3-state). 
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Am29705 


16-Word by 4-Bit 2-Port RAM 


Distinctive Characteristics 
@ 16-word by 4-bit, 2-port RAM 


Two output ports, each with separate output control 
Separate four-bit latches on each output port 
Data output is non-inverting with respect to data input 


FUNCTIONAL DESCRIPTION 


The Am29705 is a 16-word by 4-bit, two-port RAM built 
using advanced Low-Power Schottky processing. This RAM 
features two separate output ports such that any two 4-bit 
words can be read from these outputs simultaneously. Each 
output port has a four-bit latch but a common Latch Enable 
(LE) input is used to control all eight latches. The device 
has two Write Enable (WE) inputs and is designed such that 
the Write Enable 1 (WE 4) and Latch Enable (LE) inputs can 
be wired together to make the operation of the RAM appear 
edge triggered. 


The device has a fully decoded four-bit A-address field to 
address any of the 16 memory words for the A-output port. 
Likewise, a four-bit B-address input is used to simultaneously 
select any of the 16 words for presentation at the B-output 
port. New incoming data is written into the four-bit RAM 
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CONNECTION DIAGRAM 
Top View 
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Note: Pin 1 is marked for orientation. 
MPR-252 


A 
A 16.-WORD BY 4.BIT 
cee H ! ADDRESS TWO-PORT RAM 











@ Chip Select and Write Enable inputs for ease in 


cascading 
@ Advanced Low-Power Schottky processing 
@ 100% reliability testing in compliance with 
MIL-STD-883 





word selected by the B-address. The D inputs are used to load 
new data into the device. 


The Am29705 features three-state outputs so that several 
devices can be cascaded to increase the total number of 
memory words in the system. The A-output port is in the high- 
impedance state when the OE-A input is HIGH. Likewise, the 
B-output port is in the high-impedance state when the OE-B 
input is HIGH. Four devices can be paralleled using only one 
Am25LS139 decoder for output control. 


The Write Enable inputs control the writing of new data into 
the RAM. When both Write Enable inputs are LOW, new data 
is written into the word selected by the B-address field. When 
either Write Enable input is HIGH, no data is written into the 
RAM. 


LOGIC DIAGRAM 


D. D3 


8 
ADDRESS 


B 
ADDRESS DECODER 


Y8p YB, YB YBg 


LOGIC SYMBOL 


27 


Am29705 


Voc = Pin 28 
GND = Pin 14 


MPR-253 
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Am29705 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


—65°C to +150°C 
—55°C to +125°C 





Storage Temperature 
Temperature (Ambient) Under Bias 
































Supply Voltage to Ground Potential Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs for HIGH Output State —0:5V to +Vcc max. 
DC Input Voltage —0.5V to +5.5V 
DC Output Current, Into Outputs 30mA 





DC Input Current —30mA to +5.0mA 





ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am29705XC Tp =0°C to +70°C Voc = 5.0V +5%(COM’L) MIN. =4.75V MAX. =5.26V 


Am29705XM Ta =—55°Cto+125°C Vec=5.0V +10%(MIL) MIN=4.50V MAX. =5.50V 
A cc Typ. 


Parameters Description , Test Conditions (Note 1) Min. (Note 2) 
































= MIN. MIL, | = —2.0mA 
VoH Output HIGH Voltage Vec ne ele ae 
VIN = Vin or VIL COM'L, IQH = —4.0mMA 2.4 
lot =4.0mA 





Vec = MIN. 
Vin = Vin or Vin 





















Output LOW Voltage loy = &.0mA 





lot = 12mA 





Guaranteed input logical HIGH 


Input HIGH Level 3 
voltage for all inputs 


XN 
° 





Guaranteed input logical LOW 
voltage for all inputs 


Vec = MIN., fiw = —18mMA 


Input LOW Level 
Input Clamp Voltage 


Input LOW Current 


Input HIGH Current 


Input HIGH Current 









Voc = MAX., Vin = 0.4V OE-A, OE-B 


Voc = MAX., Vin = 2.7V 
Vec = MAX.,, Vin = 5.5V 






Off State (High tmpedance) Vec = MAX. Vo=2.7V 
Output Current Vin = Vin or VIL Vo =0.4V 











Output Short Circuit Current 


Vv = MAX, pe 
(Note 3) ras oo 





Ta = 25°C 121 
Ta =0°C to +70°C 
Ta = 70°C 

To = —55°C to +125°C 
Tc = 125°C 











Vcc = MAX. 
(Worst case Ic is at 

minimum temperature) 
(Note 4) 












Power Supply Current 


1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second, 

4. All inputs grounded except OE-A and OE-B =2.4V. 








SWITCHING CHARACTERISTICS 
(Input Levels = OV and 3.0V, Transitions Measured at 1.5V) 


Maximum Combinational Delays (in ns) (RL = 3900, C_ = SOpF) 










To = —55°C to +125°C 
Voc = 4.5V to 5.5V 


Ta = 0°C to +70°C 
= 4,75V to 5.25V 
Parameters From To Conditions 


A Ti A Address Stable or YA Stable or 
pee, WE B Address Stable YB Stable 
Turn-On Time OE-A or OE-B LOW ‘YA or YB Stable 


Turn-Off Time OE-A or OE-B HIGH YA or YB Off 
Reset Time 











LE = HIGH 

































A-LO LOW 


LE HIGH : 








Enable Time YA and YB Stable 
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SWITCHING CHARACTERISTICS (Cont.) 
(Input Levels = OV and 3.0V, Transitions Measured at 1.5V) 


Minimum Set-up and Hold Times (in ns) 





Ta = -55°C to 
+125°C 
Vcc = 5.0V +10% 










To Conditions 
Either WE HIGH 


Parameters From 
D Stable 
Either WE HIGH ie Changing 
B Stable Both WE LOW 


Either WE HIGH E Changing 











Data Set-up Time 
Data Hold Time 













































Address Set-up Time 
Address Hold Time 


Latch Close 
Before Write Begins 














LE LOW WE; LOW 
LE LOW WE Low 


A or B Stable | LE LOW 






























Address Set-up 
Before Latch Closes 




























Ta= —55°C to 
: +125 C 
Minimum Pulse Widths Vcc = 5.0V +10% 
Parameters Conditions Max. 







HIGH-LOW-HIGH 
HIGH-LOW-HIGH 
HIGH-LOW-HIGH 


LOW-HIGH-LOW 





Write Pulse Width 





































A Latch Reset Pulse 
Latch Data Capture 









FUNCTION TABLES LOADING RULES (In Unit Loads) 
Fan-out 
Input Output Output 
WRITE CONTROL Input/Output Pin No.’s Unit Load HIGH LOW 
















RAM Outputs at Latch Inputs 


Dy 1 1 = oe 



































































































































Function Bo 2 = 
Write DIntoB | Adata (A # B) | Not Specified WE, 3 1 = = 
No write A data B data Bo 4 0.55 so = 
No write A data B data By 5 055 a = 
H = HIGH 
B 7: 2 
L = LOW 2 6 0.55 
X = Don’t care B3 7 0.55 _- ~ 
A-LO 8 1 a = 
LE 9 1 = _ 
TREAD YBo 10 - 100/200 33 
F ; YAo 11 - 100/200 33 
YA Output Function 
YB; 472 _ 100/200 33 
YA, 13 _ 100/200 33 
High impedance GND a 
Force YA LOW = = 
A — Port RAM data | Latches transparent YB2 15 a 100/200 33 
NC Latches retain data YAQ 16 _ 100/200 33 
H = HIGH Z = High impedance ™BG 7 = 100/200 33 
L=Low NC = No change YA3 18 _ 100/200 33 
X = Don't care OE-B 19 1 _ zi 
OE — 20 1 = = 
A 21 0.55 = _ 
YB READ ew a ee 
A2 22 0.55 = = 
’ Ay 23 0.55 = 2 
YB Output Function 
Ao 24 0.55 = = 
: WE 25 1 _ - 
High impedance 
B — Port RAM data | Latches transparent D3 26 1 _ _ 
NC Latches retain data D2 27 1 = = 
H = HIGH Z = High impedance Voc 28 = =: _ 
= LOW NC = No change A Low-Power Schottky TTL Unit Load is defined as 204A measured 
X = Don't care at 2.7V HIGH and —0.36mA measured at 0.4V LOW. 
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INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 


A, B ADDRESS 





OTHER tNPUTS 





Am29705 OUTPUTS 


| 
| 
| 
| 
| 
| 
| 
| 


Note: Actual current flow direction shown, 
MPR-254 





LOAD CIRCUITS FOR AC TESTS 


All delays are measured from 1.5V at the input to 1.5V at the 
output, except the output disable times which are measured 
from 1.5V at the input to 0.5V below or above the output level. 


1. For function and AC tests except output enable tests S,, Sp 
and S3 are closed while S, is open. 

2. For output enable tests: 
tpzy: Sy and S3 are closed, Sz and S, are open. 
tpz_: S1 and S» are closed, S3 and Sq are open. 

. C, = 5pF for output disable tests. 





= MPR-581 
DEFINITION OF TERMS OE-B B-port Output Enable. When OE-B is 
LOW, data in the B-Data Latch is 
Do, D1,D2,D3 Data Inputs. New data is written into present at the YBj outputs. When 
the RAM through these inputs. OE-B is HIGH, the YB; outputs are 

Ao, A1,A2,A3 The A-address Inputs. The four-bit in the high-impedance (off) state. 

field presented at the A inputs selects LE Latch Enable. The LE input controls 
one of the 16 memory words for pre- the latches for both the RAM A-out- 
sentation to the A-Data Latch. put port and RAM B-output port. 
Bo, B1,B2,B3 The B-address inputs. The four-bit When the LE input is HIGH, the 


field presented at the B inputs selects latches are open (transparent) and data 
one of the 16 memory words for pre- from the RAM, as selected by the A 
sentation to the B-Data Latch. The B and B address fields, is present at the 


address field also selects the word into outputs. When LE is LOW, the latches 
wihich new data 1c Qorieton: are closed and they retain the last 


; data read from the RAM independent 
YAo, YA1, YA2, YA3 The four A-Data Latch Outputs. of the current A and B address field 





YBo, YB1, YB2, YB3 The four B-Data Latch Outputs. inputs. 

WE 4,WEg2 Write Enables. When both Write A-LO Force A Zero. This input is used to 
Enables are LOW, new data is written force the outputs of the A-port latches 
into the word selected by the B-address LOW independent of the Latch Enable 
field. If either Write Enable input is input or A-address field select inputs. 
HIGH, no new data can be written Thus, the A-output bus can be forced 

a into the memory. rao: LOW using this control signal. When 

OE-A A-port Output Enable. When OE-A is the A-LO input is HIGH, the A latches 
LOW, data in the A-Data Latch is operate in their normal fashion. Once 
present at the YAj; outputs. tf OE-A the A latches are forced LOW, they 
is HIGH, the YA; outputs are in the remain LOW independent of the A-LO 
high-impedance (off) state. input if the latches are closed. 
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APPLICATIONS 


Dg Dy Dg D3 


WRITE 
ENABLE 


A3 





Ay Bg 


B3 
Bg 
By 






AQ 






Ay By 





Am29705 





Ag Bo 






FORCE A 
LOW 


A OUTPUT 
CONTROL 


CLOCK 


B OUTPUT 
CONTROL 











YA, YAg YAp YA3 YBg YB, YB YB,0&8 [0 


















YA, YAg YAg YA3 YBp YB, YB Y83 
MPR-257 
A 16-word by 4-bit two-port RAM with LE and WE, connected to make the device appear edge triggered. 
WE, and WEQ are logically identical but are electrically slightly different. For synchronous operation with- 
out possibility of race, WE1 should be connected to LE. 
LATCH 
ENABLE DATA INPUT B-PORT 
write Dp Dy Dy By ENABLE 
Bs ——_____. 8 8 
Ae ; 4 
Ag : By 
Ag . 4 | 
A-SOURCE 
ADDRESS ~] 
[Saas 
Ay 8 














> 
o 
1/2 OF Am25L$139 


th 
6 
a 
oad 
i 
bu 

€ 
< 


A-PORT 
ENABLE 


|__ C- DESTINATION 
ADDRESS 




















FORCE ZERO a ae 








YAg vee YA3 YBo see Y83 
A OUTPUT B OUTPUT 
MPR-258 
A 64-word by 4-bit three address memory. Data is read from the A address to the YA outputs and from the 
B address to the YB outputs while the latch enable is HIGH. When the latch enable goes LOW, the YA and 
YB data is held in the internal latches, and the RAM B address is switched to the C-destination address lines. 
A write pulse will then deposit the input data into the location selected by the C address. 
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APPLICATIONS (Cont'd) 


cPu MAIN DATA BUS : > MEM 


A B 


ENABLE 











Am25LS157 


DATA INPUT MUX 









Am25LS2569 





R 
COUNTER 
REGISTER 





Am25LS163 
Qa 





COUNTER 
REGISTER 








Am29705 





Am25LS2569 
s 


COUNTER 
REGISTER 





ENABLE 


A 


Am25L82521 
ADDRESS 
COMPARATOR 






















DISK PERIPHERAL BUS TAPE 


The Am29705 as a two-way interface buffer. Data may be passed between the main data bus and the peri- 
pheral data bus under I/O control. The two-port RAM allows data to be written into buffer storage from a 
peripheral device, using the B address port and the S counter register, while it is being read into main memory, 
using the A address port and the O counter register. This simultaneous read/write capability facilitates DMA 
transfers because the CPU can ignore write requests from the peripheral device. Data output from CPU to 
the peripheral device is handled by sequential write and read operations. Data is written into buffer storage 
from the CPU, using the B address port and the R counter register. !t is read onto the peripheral device using 
the B address port and either the R register, for single word transfers, or the S register, for block transfers. 
MPR-259 


ORDERING INFORMATION 
Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 





Package Type Operating Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 


a a 

















AM29705PC P-28 C CA 
AM29705DC D-28 C C4 
AM29705DCTB D-28 C B-2 (Note 4) 
AM29705DM D-28 M C-3 ; 
AM29705DM-B D-28 M B-3 
AM29705FM F-28-1 M C-3 
AM29705FM-B F-28-1 M B-3 
AM29705XC Dice C vidual nepection 
AM29705XM Dice M gO MIL OTD Eee 
Method 2010B. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 

2. C = 0°C to +70°C, Voc = 4.75V to 5.25V, M = — 55°C to +125°C, Veco = 4.50V to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 

4. 96 hour burn-in. 
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16-Word by 4-Bit 2-Port RAM 


ADVANCE INFORMATION 











DISTINCTIVE CHARACTERISTICS 


@ Faster Version of the Am29705 
The Am29705A has a design objective of a 30-40% speed 
improvement on the critical paths versus the Am29705. 


© Plug-in Replacement for the Am29705 

The Am29705A is a pin-for-pin replacement for the Am29705. 
Systems using the Am29705 will be able to use the Am29705A 
instead with no design changes. 


LOGIC DIAGRAM 














B3 

2 A 16-WORD BY 4-BIT B a °2 
ADDRESS ; ; ADDRESS 

DECODER ADDRESS TWO-PORT RAM ADDRESS DECODER By 

Bo 





YAg YAqYAp YA3 





YB YB, YBo Y83 
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Am29720 « Am29721 


Low-Power Schottky 256-Bit Random Access Memories 









Refer to 


Am27LS00 « Am27LS01 


in the Bipolar Memory Section 


The Am29720 is replaced by the Am27LS01 
(open collector). 


The Am29721 is replaced by the Am27LS00 
(3-state). 


Am29750A ° Am29751A 


256-Bit Generic Series Bipolar PROM 


pu A 








Refer to 


Am27S18 « Am27S19 


in the Bipolar Memory Section 


The Am29750A is replaced by the Am27S18 
(open collector). 


The Am29751A is replaced by the Am273S19 
(3-state). | 
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Am29760A *¢ Am29761A 


1024-Bit Generic Series Bipolar PROM 











Refer to 


Am273S20 ¢ Am27S21 


in the Bipolar Memory Section 


The Am29760A is replaced by the Am27S20 
(Open collector). 


The Am29761A is replaced by the Am27S21 
(3-state). 


Am29770 ¢ Am29771 


2048-Bit Generic Series Bipolar PROM 






Refer to 


Am27S812 ¢ Am27S13 


in the Bipolar Memory Section 







The Am29770 is replaced by the Am27S12 
(Open collector). 


The Am29771 is replaced by the Am27S13 
(3-state). 
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Am29774 ¢ Am29775 


4096-Bit Generic Series Bipolar PROM with Register 








Refer to 


Am27826 « Am27S27 


in the Bipolar Memory Section 


The Am29774 is replaced by the Am27S26 
(open collector). 


The Am29775 is replaced by the Am27S27 
(3-state). 
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16-Way Branch Control Unit 














DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 
@ 16 separate instructions --2, 4,8, or 16-way branch in The Am29803A is a Low-Power Schottky processed device 
one microprogram execution cycle that provides 16-way branch control when used in con- 


@ Four individual test inputs junction with the Am2909 Microprogram Sequencer. 
@ Four individual outputs for driving the four OR inputs on 
the Am2909 Microprograrn Sequencer 
@ Provides maximum branch capability in a microprogram 
control unit using the Am2909 
@ Advanced Low-Power Schottky processing 
® 100% reliability assurance testing in compliance with MIL- The “zero” instruction inhibits the testing of any of the 
STD-883 four test (T) inputs. The remaining 15 instructions are 
used to test combinations of 1, 2, 3, or 4 of the T inputs 
simultaneously. If one T input is being tested, the. 
Am29803A will select one of two possible addresses. If 
two T inputs are being tested, the device will select one of 
four possible addresses. If three T inputs are being tested, 
the device will select one of eight possible addresses. If 
all four T inputs are being tested, the device will select 
one of sixteen addresses as the field used to drive the OR 
inputs of the Am2909. 


The device features 16 instructions that provide all com- 
binations of simultaneous testing of four different inputs. 
The device has four outputs that are used to drive the 
four OR inputs of the Am2909 Microprogram Sequencer. 








LOGIC DIAGRAM 


DECODE 
MATRIX 





MPR-309 


CONNECTION DIAGRAM LOGIC SYMBOL 
Top View 







Vec '3 OE2 GE, ORg ORy OR; ORG 





To 11 Tg GND 


Vec = Pin 16 


Note: Pin 1 is marked for orientation. GND = Pin8 
MPR-310 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 








rN 


























Storage Temperature ~65°C to +150°C 
Temperature (Ambient) Under Bias —— : —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous ‘ : 9.5 to +7.0V 
DC Voltage Applied to Outputs : _ oe ~ .0.5V to “+Voce max. 
DC Input Voltage . : : —— < --0.5V to +5.5V 
DC Input Current : aad weet ae "—30mA to +5mA 





OPERATING RANGE 
COM'L Am29803ADC Ta = 0°C to +75°C Veco = 5.0V +5% 


MIL Am29803ADM Ta= —55°C to +125°C | Vee = 5. OV +10% 


















ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Untess Otherwise Noted) 
PRELIMINARY DATA 






























































































































Typ. 
Parameters Description Test Conditions Min. (Note 1) 
oe 
| Vcc = MIN., IoH = -2.0mA 
Vv Output HIGH Volt 2.4 
OH ee eas Vin = Vin oF VIL 
oe Fite woe noe em eich Ses ad ie, INE ETT a aa at 
VOL Output LOW Voltage ce OL 
Se ea ee es se INSU OS MF oo eet eee ee eee 
Vin gant HIGH Level Guaranteed input ut logical HIGH | 2.0 
voltage for ail inputs” 
a i A a ee = eee GE a i a ee a ee oa we i 
Input LOW Level Guaranteed input logical LOW. 
_ voltage for all inputs 
~ Input LOW Current We clets MAX., VIN = 0. 45V —0.010 
Input HIGH Current _ Veo = MAX., VIN = =2.7V | 7 
a Nie era eae EE (Oe RE arma Soest ee eh 
Input HIGH Current Voc = MAX., Vin = 5. BV 2 ; 
Output Short Circuit Current Voc = MAX., Vout = 0.0V (Note 2) | —20 --40 
All inputs = GND 
loc Power Supply Current Voc * MAX. 95 | 130 mA 
Input Clamp Voltage _Vec = -MIN., lin = —18mA : 7 —1.2 Votts | 
Vo = 4.5V 40. | 
Output Leakage Current Veco = MAX. Vo = 2.4V | | 40 LA 
VGSi = 2.4V ea Eo baa enaoc eae 
csi Vo = 0.4V —40 | | 
a _oeeeraee Ls = paren ohare slontetath ro 
Input Capacitance Vin = 2.0V @ f = 1 MHz (Note 3) 4 : 
- EAE ee im een d Were reel eae een eae 7 1 p 
Output Capacitance Vout = 2.0V @f=1 MHz (Note 3) 8 i 








Note 1. Typical limits are at Voc= = §.0V and T, = 25°C 
‘2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 
3. These parameters are not 100% tested, but are periodically sampled. 
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SWITCHING CHARACTERISTICS 
(Ta = +25°C, Voc = 5.0V) 


Parameters Description Test Conditions Min. Typ. Max. Units 





Tj to OR; oe ears 
L=<é. 








O£; to OR; 





OE; to OR; 





SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE 



















Ta =0°C to +70°C 
Vcc = 5.0V +5% 


Min. Max. 


Ta = —55°C to +125°C 
Vec = 5.0V +10% 


Parameters Description Test Conditions Max. Units 













I, to OR; 








Tj to ORj 
















OE; to OR; 


















OE; to OR; 
















DEFINITION OF FUNCTIONAL TERMS GUARANTEED LOADING RULES 


OVER OPERATING RANGE (In Unit Loads) 





























































Ip, 14, Ia, 13 The four instruction inputs to the 
device A Low-Power Schottky TTL Unit Load is defined as 20UA measured at 
To, 74, To, T3 The four test inputs for the device 2.7V HIGH and —0.36mA measured at 0.4V LOW. 
ORg, OR4, OR2, OR3 The four outputs of the device that are Output 
connected to the four OR inputs of the Input Output LOW 
ae Am2909 me, Pin No.’s Input/Output | Load HIGH MIL COM’L 
E,, OE9 Output Enable. When either OE input F | 05 = = _ 
is HIGH, the OR; outputs are in the é : ed 
high impedance state. When both the 2 "4 0.5 a a na 
OE and OE? inputs are LOW, the OR 3 lo 0.5 - = ~ 
outputs are enabled and the selected 4 T3 0.5 = = = 
data will be present. 
5 To 0.5 = ca a 
6 T74 0.5 a = _ 
LOW-POWER SCHOTTKY INPUT/OUTPUT 7 7 05 = = = 
CURRENT INTERFACE CONDITIONS 
8 GND —- _ ra i 
. DRIVING OUTPUT DRIVEN INPUT 9 ORg = 100 44 44 
= | 10 OR, = 100 44 44 
11 OR2 - 100 44 44 
OH | tL 
| 12 OR3 _ 100 44 44 
13 OF 0.5 - ~ ~ 


0.5 ~ - - 
0.5 ~ - - 


_ 
Pe 
al 
My 


















~ 
oa 
oO 









} 


| 
| 
| 
| 
| 
| 
lor | fe 
| 
| 
| 
| 


= 
fap] 


Vcc = = = 


Note: Actual current flow direction shown. 
i MPR-312 
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SDIADT(ATIT/jgr4art4rsTt JSDsrsrtsat SDRsgrsyDIgT/4orsyryurar] s~Tsg~rTsarITI~rT4rsar4t 





JBIDDIITT Ys rT! ssgurTDIgsTTlysTIssrt) ay rtrs~sTIijsarrT4isizt 
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H 
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L 
H 
H 
L 
L 
L 
L 
H 
H 
L 
L 
H 
H 


SJIpIjsgrt ss;jistTrjjijsrtris 


OR, 
L 
L 
L 





N 
we lofoslsasflosgos} psy sss jt rrr! 44 SO DU Ge GO UD DUO Bete ee ek em ee ee ee ee re es Oe 0 eee ce a4gjtITIIITsjsistjrtirirc 
oO 








sologoggo) goog} pas ps sf Sj |] SH Se DS De ee ee ee Oe ee ee ee ee ee ee ee ee es le oo ee Ce 


OR3 
L 
i; 
L 











2) x azr]xx|sarsz]xx|orar|xxxx]o- srITsaz|xx|sTIzr)xxxx)/I1TsaTazrar xxxx)aupouturout|xxxxx xxx |orarsrsarararsrar 








SJDIDT ys rrIsrryxxKxKxK|xXxKxKXKXXXKXK | ATIATITILT) sso rTITAsrTIsasrtrssit 





| x|xx|I5/s155)xx|xxxx JDugDt}ssrri8sirirtlxx|xxx.~x 


sgaurrlygussurrrryxx*x|xxxx|xxxx|xXxXxXxxXxXxXxX/4ufIt JSIDTIIIATT/Y4glTTsjsjrr| ssssdrtrrrTssssrrist 


WT x Ix x] xx |xxx x} It ljarz 








JBIIJATIEETJ/IJITTJsasssuTrIr)/s~sssttrrt) sss sssssrtrirrtririr 








KKK KK KK XK 











FUNCTION TABLE 











Don't care 
























HIGH, X 











Test T7,T2&T3 
Test Tg, 771, T2&T3 








Test T9,71 & T2 
Test To, T1 & T3 


Test T2 & TZ 





Test T9 & TZ 








Test Ty & T3 





Test To & T4 
Test T2 

Test To & TQ 
Test T1 & TQ 
Test T3 

L = LOW, H 
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ORDERING INFORMATION 














Order the part numbur according to the table below to obtain the desired package, temperature range, and screening level. 


Order Package Type Operating Range Screening Level 

Number (Note 1) (Note 2) (Note 3) 
AM29803APC P-16 c C-1 
AM29803ADC D-16 Cc C-1 
AM29803ADC-B D-16 Cc B-1 
AM29803ADM D-16 M C-3 
AM29803ADM-B D-16 M B-3 - 
AM29803AFM F-16 M C-3 
AM29803AFM-B F-16 M B-3 


Notes: 1. P = Molded DIP, D == Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 

. C= 0°C to +70°C, Veg ='4.75V to 5.25V, M = — 55°C to +125°C, Voc = 4.50V to 5.50V. 

See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 

Class B. 
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APPLICATION 
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INSTRUCTION REGISTER 


OP CODE OTHER 
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TC COUNTER 







ADDRESS Am2909 AND Am2911 MICROPROGRAM SEQUENCER 
STARTING __ FE, pup 
ADDRESS OF STACK POINTER 
REGISTER | 
SUBROUTINE 
AND LOOP STACK | ; 


DECODER 
OUTPUT 





LOAD/COUNT 












MICROPROGRAM 
COUNTER REGISTER 
INCREMENTER 


OR 


aa 


ADDRESS 
POLARITY MICROPROGRAM MEMORY 
CONTROL TEST 
BRANCH NEXT ADDRESS 
OE PIPELINE REGISTER 


_ OTHER 





1) F; 


89 NEXT ADDRESS 
$} MULTIPLEXER 


OUTPUT 








R 









TEST 










Am29803A 


4 16-WAY 






BRANCH 
CONTROL UNIT 


| 

















Am29811A 
NEXT 
ADORESS 
CONTROL 





CONDITION CODE 
MULTIPLEXER 
OUTPUT 










- »y we TW ws @ 





TO Am2901 
OR Am2903 





A typical computer control unit using the Am2909, Am2911, Am29803A and Am29811A. Note that 
the least significant microprogram sequencer is an Am2909 and the more significant sequencers 
are Am2911's. 
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Am29811A 


Next Address Control Unit 































DISTINCTIVE CHARACTERISTICS FUNCTIONAL CHARACTERISTICS 


@ Next address control unit for the Am2911 Microprogram The Am29811A is a Low-Power Schottky device designed 
Sequencer specifically for next address control of the Am2911 Micro- 
@ 16 next address instructions program Sequencer. The device contains all outputs re- 
® Test input for conditional instructions quired to control a high-performance computer control 
@ Separate outputs to control the Am2911, an independent unit or a structured state machine design using micropro- 
event counter, and a mapping PROM/branch address gramming techniques. 
interface 


Sixteen instructions are available by using a four-bit 
instruction field lo.3. In addition, a test input is available 
such that conditional instructions can be performed based 
on a condition code test input. 


@ Advanced Low-Power Schottky technology 
® 100% reliability assurance testing in compliance with MIL- 
STD-883 


The full instruction set consists of such functions as con- 
LOGIC DIAGRAM ditional jumps, conditional jump-to-subroutine, condi- 

tional return-from-subroutine, conditional repeat loops, 

conditional branch to starting address, and so forth. 


a One Am29811A can be used to contro! any number of 


Am2911 Microprogram Sequencers. The Am2911 Se- 
COUNTER quencer is a four-bit slice itself. Thus, one Am29811A 
LOAD Next Address Control Unit and three Am2911 Micropro- 
gram Sequencers can be used to build the most powerful, 
state-of-the-art, microprogram sequencer capable of con- 



















COUNTER trolling 4k words of microprogram memory. 
ENABLE 
CONNECTION DIAGRAM 
MAP Top View 
ENABLE 
PIPELINE 
ENABLE 
MATRIX 
DECODING 
ARRAY 
FE 
PUP 
Note: Pin 1 is marked for orientation. 
MPR-315 
§; 
LOGIC SYMBOL 
8 CNT LOAD [O 
10 
18 ——O] O£ 
: OUTPUT 
ig Ig My It ENABLE 
P = Pass Vcc = Pin 16 
F = Fail GND = Pin8 
MPR-314 MPR-316 
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Am29811A 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

















Storage Temperature —65°C to + 150°C 
Temperature (Ambient) Under Bias ~—55°C to + 125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs —0.5V to +Vec max. 
DC Input Voltage —0.5V to +5.5V 
DC Input Current —30mA to +5mA 


OPERATING RANGE 








Am29811ADC Ta = 0°C to +75°C Voc = 5.0V +5% 
Am29811ADM Ta = —58°C to +125°C Voc = 5.0V +10% 


ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 
PRELIMINARY DATA 


Typ. 
Parameters Description Test Conditions Min. (Note 1) Max. Units 


Vcc = MIN., low = —2.0mA 
Output HIGH Voltage VIN = Vigg or Vy . Volts 


Vec = MIN., lot = 16mA 

VIN = VIH OF Vit fete cea 
Guaranteed input logical HIGH 
voltage for all inputs 





Output LOW Voltage 








Input HIGH Level 


Input LOW Level 

Input LOW Current 
Input HIGH Current 
Input HIGH Current 








Output Short Circuit Current 





All inputs = GND 


Power Supply Current Vcc = MAX. 





Input Clamp Voltage Voc = MIN.,, Ijy = —18mMA 





Output Leakage Current 





Input Czpacitance Vin = 2.0V @ f = 1 MHz (Note 3) 








Output Capacitance Vout = 2.0V @ f = 1 MHz (Note 3) 
Notes: 1. Typical limits are at Vcc = 5.0V and Ta, = 28°C. 


2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 
3. These parameters are not 100% tested, but periodically sampled. 
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SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) 


Parameters 






Am29811A 


Description Test Conditions Min. Typ. Max. Units 


|; to Any Output 


Test to Any Output 








OE to Any Output i 












OE to Any Output 


SWITCHING CHARACTERISTICS 


OVER OPERATING RANGE 


Parameters 
























Description 


I; to Any Output 


Test to Any Output 





OE to Any Output 


OE to Any Output 


DEFINITION OF FUNCTIONAL TERMS 
Io, 14, lg, lg The four instruction inputs to the Am29811A. 


TEST 


The condition code input to the device. When 
the test input is LOW, the device assumes 
the test has failed. When the test input 
is HIGH, the device assumes the condition 
code required has been met; the test has 
passed. ; 


This output is used to drive the parallel load 
input of an Am25LS169 up/down counter. 


This output is used to drive the counter ena- 
ble input of an Am25LS169 up/down counter. 


This output is used to control the three-state 
outputs of the mapping PROM or PLA used 
to provide the initial starting address for each 
machine instruction. 





Test Conditions 


CL =15pF - - 
RL =2.0k2 











CL = 15pF 








RL =2.0k2 | 





CL =5.0pF 


Ri =2.0k2 




















Ta =0°C to +70°C 
Vcc = 5.0V +5% 


Ta = -55°C to +125°C 
Vcc = 5.0V +10% 


Min. 


















Pipeline This output is used to control the three-state 

‘Enable output of the pipeline register (Am2918) con- 

; taining the branch address for the computer 
control unit. 


FE File This output is used to drive the file enable 

Enable input of the Am2911. When the file enable 
output is LOW, a stack operation will take 
place. 


PUP Push/Pop. The PUP output is used to drive 
the push/pop input of the Am2911 Micro- 
program Sequencer. When the PUP output is 
HIGH, a push will take place when the file is 
enabled. When the PUP output is LOW, a pop 
will take place when the file is enabled. 


So, S; These two outputs are used to drive the So 
and S, inputs to the Am2911 Microprogram 
Sequencer. These outputs contro! whether the 
direct input, the register, the microprogram 
counter, or the stack is selected as the source 
of the next address for the microprogram 
memory. 
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Am29811A 












LOW-POWER SCHOTTKY INPUT/OUTPUT GUARANTEED LOADING RULES 
CURRENT INTERFACE CONDITIONS OVER OPERATING RANGE (In Unit Loads) 


A Low-Power Schottky TTL Unit Load is defined as 20UA measured at: 
2.7V HIGH and —0.36mA measured at 0.4V LOW. 






Output 
Input Output LOW 
Load HIGH MiL COM’L 









DRIVING OUTPUT 
voc —————— 


DRIVEN INPUT 










Pin No.’s = Input/Output 





































2 = 100 44 44 
3 = 100 44 44. 
4 zs 100 44 44 
5 = 100 44 44 
6 < 100 44 44 
7 x 100 44 44 
8 ast ; as = = 
9 me 100 44 44 









= 
o 
4 
m 
n 
+ 





= 
= 
o 





— 
nN 


















Note: Actual current flow direction. shown. 
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INSTRUCTION TABLE 





MNEMONIC 








Jump to Address Zero 
Conditional Jump-to-Subroutine with Jump Address 
in Pipeline Register. 

Jump to Address at Mapping PROM Output. 
Conditional Jump to Address in Pipeline Register 
Push Stack and Conditionally Load Counter 


Jump-to-Subroutine with Starting Address Conditionally 
Selected from Am2911 R-Register or Pipeline Register. 


Conditional Jump to Vector Address. 


Jump to Address Conditionally Selected from Am2911 
R-Register or Pipeline Register. 


Repeat Loop if Counter is not Equal to Zero. 

Repeat Pipeline Address if Counter is not Equal to Zero. 
Conditional Return-from-Subroutine. 

Conditional Jump to Pipeline Address and Pop Stack. 
Load Counter and Continue. 

Test End of Loop. 

Continue to Next Address. 

Jump to Pipeline Register Address. 

























r 
= 
= 
- 


















rc 
<= 
<= 
a 
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Am29811A 

























FUNCTION TABLE 


INPUTS OUTPUTS 































































































































MNEMONIC. FUNCTION TESt COUNTER | MAP-E | PL-E 

ls la 14 to INPUT SOURCE 

Lot kk JUMP ZERO x D HOLD LL* H L 

LLLH COND JSB PL L PC HOLD HOLD H L 

H D PUSH HOLD 4 L 

JUMP MAP x D HOLD HOLD L H 

COND JUMP PL L PC HOLD H L 

H D HOLD H cL 

PUSH/COND LD CNTR L PC HOLD H L 

H PC LOAD H L 

COND JSB R/PL L R HOLD H L 

H D HOLD H L 

COND JUMP VECTOR L PC i HOLD H H 

H D HOLD H H 

COND JUMP R/PL L R HOLD H L 

H D HOLD H L 

REPEAT LOOP, CNTR #0 L F DEC H L 

H PC HOLD H L 

REPEAT PL, CNTR #0 L D DEC H L 

H PC HOLD H L 

COND RTN L PC HOLD H L 

H F HOLD H L 

COND JUMP PL & POP L PC HOLD H L 

H D HOLD H L 

LOAD CNTR & CONTINUE |X PC LOAD H L 

TEST END LOOP L F HOLD H L 

H PC PO HOLD H L 

CONTINUE Xx PC HOLD H L 

JUMP PL Xx D HOLD H L 





L = LOW DEC = Decrement 
H = HIGH *LL = Special Case 
X = Don't Care 


TRUTH TABLE 




































































MNEMONIC FUNCTION peat oS c 
SOURCE a | le 
I3 14 Ilo $1 So ie 2 a 

14.13:12:11 
JZ JUMP ZERO H H L 
H H L 
CJS COND JSB PL. H H H 
L H H 
JMAP JUMP MAP H H H 
H H H 
CJP COND JUMP PL H H H 
H H H 
PUSH PUSH/COND LD CNTR L H H 
L H L 
JSRP COND JSB R/PL L H H 
L H 
CJV COND JUMP VECTOR H H 























H 
H 
H 
JRP COND JUMP R/PL H 
H 
REPEAT LOOP, CTR #0 L 
L 
RPCT REPEAT PL, CTR #0 


: 


DTrlyr L[Ll Tyr rjyz Lit Tit Ijyt rit Lit 








CRTN COND RTN 








CJPP COND JUMP PL & POP 





[aiae woah: Fae 


Ih 





LD CNTR & CONTINUE 








TEST END LOOP 


ceryrtst 


+—+ 








CONTINUE 








Zjrt 


2 


JUMP PL 
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Am29811A 


ORDERING INFORMATION 











Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 





Order Package Type Operating Range Screening. Level 
Number (Note 1) (Note 2) (Note 3) 
AM29811APC P-16 Cc C-1 
AM29811ADC D-16 Cc C-1 
AM29811ADC-B D-16 Cc B-1 
AM29811ADM D-16 M C-3 
AM29811ADM-B D-16 M B-3 
AM29811AFM F-16 M C-3 
AM29811AFM-B F-16 M B-3 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 
2. C = 0°C to +70°C, Voc = 4.75V to 5.25V, M = — 55°C to + 125°C, Voc = 4.50V to 5.50V. 
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 
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INSTRUCTION REGISTER 
OP CODE OTHER 
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ADDRESS Am2911 MICROPROGRAM SEQUENCERS 
STARTING __ FE, PUP 
TC COUNTER ADDRESS OE STACK POINTER 
DECODER 
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SUBROUTINE 
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OUTPUT 
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MULTIPLEXER 
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5 gH 5 naan CONTRGE MICROPROGRAM MEMORY 
; EE 5 CONTROL TEST 
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A Typical Computer Control Unit Using the Am2911 and Am29811A. 
MPR-318 
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Am2900 Family Applications Literature 








Build an Am2900 Microcomputer This comprehensive book discusses in detail 
the design of a microprogrammed computer 
using the 2900 Family. Examples are used 
extensively. The book's chapters: 

| — Computer Architecture 

I| — Microprogrammed Design 

\ll — The Data Path 

IV — The Data Path, Part Two 

V — Program Control Unit 

VI — Interrupt 
VIl — Direct Memory Access 
VIH — The Hex 29 

IX — The Super Sixteen 


Order AM-PUBO073-X 








. A High Performance Disc Controller This book covers the detailed design of a 
controller. Specifically it is an interface 
between a Pertec disc and a DEC PDP-11® 
minicomputer. Most controllers will be 
architecturally similar. Includes schematics 
and microcode. 


Order AM-PUBO65 Price $5.00 








An Emulation of the Am9080A This book describes a 2900 based system 
which executes instructions of the 
Am9080A MOS microprocessor. It operates 
about 4 times faster than the Am9080A and 
leaves space for user defined instructions - 
in addition to the standard instruction set. 


Order AM-PUB064 Price $5.00 








Microprogram Design with the Am2900 Family A discussion of the “instruction-cracking" 
problem in microprogrammed machines. 
Discusses ways to translate op codes into 
microprogram addresses and control lines. 


Order AM-PUB069 Free 
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THE Am2900 EVALUATION AND LEARNING KIT 


Pictured at the left is the Am2900 Evaluation Kit. The system consists of a 
microprogrammed control unit which controls all the inputs to an Am2901 
microprocessor slice. Thirty-two bit microinstructions are entered into a RAM 
in the contro! unit using the switch register. Each microinstruction contains 
bits to control the. Am2901A’s A and B addresses, instruction, carry in, and 
data input. Additional bits in the microinstruction control an Am2909 
sequencer which generates the addresses for the microprogram memory. 
Once entered, microinstructions may be executed using a single step clock 
or using a pulse generator. The LED display provides access to nearly every 
signal path in the system. 


Sixteen “sequence control” instructions are available, including execute, 
branch conditional, jump-to-subroutine, return, and loop. Because the set of 
sequence instructions is implemented in a PROM, the user can devise his 
own set of operations by programming a new PROM. 


The kit is supplied with 40 IC’s, all resistors, capacitors, LED’s and switches, 
the PC board, and a manual containing assembly instructions, theory and a 
set of exercises. The user need only solder the components in place and 
attach a 5 V power supply (2.0 ampere rating). 


Working with the kit, the user will gain familiarity with a high performance 
pipelined microprogrammed architecture, and with the operation of the 
Am2909 and Am2901A. By driving the kit from a pulse generator, the user 
can observe the operation of the components in real time, executing real 
instructions. 


The part number for this kit is Am2900K1. 


System 29 


The Advanced Microprogram Development System 


FEATURES 


e The first universal, complete development system for micropro- 
grammed machines. 
Use to assemble microcode, debug microcode, check out hardware. 


AMDASM® 29 microassembler resident on system. 

Microprograms can be written, assembled, and loaded into the develop- 
ment hardware all on one system. No transferring from one system to 
another. No messy paper tape. 


Software to check out microcode. 
All the tools needed in a useful development system including single 
step, trap, edit. 


Writable Control Store up to 4K words. 
RAM in System 29 serves as control memory for prototype. Expandable 
up to 4K words, up to 128 bits each. Access time down to 50ns. 


Application Cards Available. 
Pre-built prototype systems reduce design time, get products out sooner. 


Universal Prototyping cards 
Use popular SBC-80 form factor and hold parts on 0.3”, 0.4”, and 0.6” 
centers. 


Time proven disk operating system. 
Comiplete file management including a context editor. 


8080 software development tools. 


HUPHOHY PROCESSOR SECROPHOGBAMMED SYSTER 





System 29 


SOFTWARE FEATURES 


e@ The convenience of the AMDOS® 29 Disk Operating System with a full set of 
file management commands, including and editor. 


e Microprogram generation software including the AMDASM® 29 micro- 
assembler and the AMSCRM® 29 and AMPROM® 29 post-processing 
programs. 


@ Microprogram support software to load, save, and debug microcode during 
the firmware/hardware check-out phase. 


e Am9080A software to write special programs to add to the existing software 
or for separate designs using the Am9080A fixed-instruction-set micro- 
processor. 


HARDWARE FEATURES 


@ Writable Control Store for microprogram memory and ROM simulation. Its 
storage capacity can be easily expanded and a high speed option permits 
real-time testing. 


@ Microcode check-out functions let the user interact freely with the microcode, 
i.e., display, modify, move, locate, store, and verify. The user can also 
single-step through instructions, set trap bits, set comparison values, and 
force address jumps for easy test and debug of the microcode and its 
associated hardware. These are combined. hardware-software features 
which are accessible either at the CRT Console or the System Mainframe 
front panel. . . 


@ Universal Prototyping Cards feature high packing density. They accept the 
user prototype and plug right into System 29. . 


@ The Outboard Interface cable interfaces System 29 to the user design for a 
form factor that calls for an outboard configuration. 


e Anumber of application cards help the user in his microprogrammed system 
design. 


@ Developed microcode can be stored on flexible diskettes, printed out, 
punched on paper tape or used to drive a PROM programmer. 


e@ Diskette to main memory data transfers are affected by direct memory 
access (DMA) without I/O port addressing. This results in high-speed data 
transfers. 


e An internal 2.457MHz crystal-controlled clock oscillator is provided. An ex- 
ternal connector is available for providing a different clock frequency from a 
signal generator or an external circuit to meet individual user requirements. 
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System 29 






System 29 is a complete development system. It encompas- 
ses all the tools needed, from microcode/firmware definition, 
assembly, check-out of the hardware and formatting of the 
microcode, through programming PROM's. 


System 29 includes a System Mainframe, CRT Console, and 
Dual-Drive Flexible Disk. It comes with a comprehensive 
software package. It is ready to operate in its basic configura- 
tion which includes 2K words by 64 bits Writeable Control 
Store and a Computer Control Unit (CCU) microprogram con- 


DESCRIPTION: 





troller. A number of peripherals (line printer, paper tape 
reader-punch, PROM programmer) and cards (high-speed 
Writeable Control Store, trace analyzer, 8080 emulator appli- 
cation card, 16-bit microcomputer application card) enhance 
its performance even further. 


Because it is controlled by an Am9080A, it can also serve as a 
software development system for the 8080 fixed-instruction- 
set microprocessors. 








System 29 


SYSTEM DESCRIPTION 


BASIC SYSTEM: 
A complete working system including; 
Equipment 
—System Mainframe: 
— Support Processor: 


~-Am9080A CPU Card 

—System Memory Card, 32K bytes, expandable to 64K 
bytes with an additional card 

—4 Serial Ports (RS232) 

—1 Parallel Port 

— Power Supply 


~Microprogrammed System: 


—1 Writeable Control Store Card, 2K x 64 bits. 
System is pre-wired for 2. 

—1 Instrumentation Card 

-—1 Computer Control Unit Application Card 

—5 Open Slots for Additional User Cards 

—1 Power Supply, +5V, 25A (50A Optional) 


—CRT Console 

~Dual Drive Flexible Disk 
—Universal Prototyping Card 
Outboard Interface Cable 
Blank Diskettes (2) 


Software 


~AMDOS 29® Disk Operating System with full set of commands 
—Microprogram Generation Software 
—AMDASM 29® Microprogram Assembler 
—AMSCRM 29®, AMPROM 29® Post-Processing Programs 
~-Microprogram Support Software 
—Am9080A Software (Assembler, Loader, Dynamic Debug- 
ger including disassembler and trace 
capability) 


Documentation (2 sets) 


~User Manual 
—Software Manual 
—Hardware Manual 


Services 


—User Training (2 Persons) 

~Field Applications Support 

~Warranty: 1 Year (90 days on System Mainframe Plug-in 
Cards) 
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SYSTEM OPTIONS’ 
CARDS? 
Option No. 


0100 Universal Prototying card, 
included in the basic system. 


Writable Control! Store card. 2K x 64 bits, addi- 
tional to one included in the basic system. 
Field updatable. 


additional to one 


0105 


0106 High Speed Writable Control Store card, 1K x 64 
bits; system is pre-wired for 2. Field up- 
datable. 

PERIPHERALS 


0503 Character Printer, 120 CPS. 


0510 Paper Tape Reader-Punch?®. 300cps read, 75cps 
punch. 


SERVICES 


0800 Training Course. System 29, for one additional per- 
son. Training for 2 persons included in the basic sys- 
tem. 


MISCELLANEOUS 


0900 High Speed Extender card, multilayer (internal 


ground plane) 
0901 Power Supply, 50A Module. Field updatable 
0902 Diskettes. Package of 10 blanks*. 


0903 System Manual. One set of manuals, additional 
to 2 provided with the basic system.* 


NOTES: 


1. SY29XXXX — When.coaing orders, replace X’s with 4 digit 
option number, leave blank for basic system. Example: 
SY290500 is code for the Line Printer option. 


2. Warranty 90 days, parts and labor. 
3. Warranty 120 days, parts and labor. 
4. Quantity 2 minimum when purchased separately. 


System 29 






















































Why? 

The “microprogremmable” micro- 
processor—like the Am2900 family 

— offers higher performance and 
versatility than the “fixed-instruction- 
set” microprocessor—like the Am9080 
family However, this versatility makes 
the design of microprogrammed 
machines more difficult. To start with, 
the engineer must Cesign his own set 
of particular instructions before he 

can write applicaticn software. He also 
customizes the architecture of his 
special purpose processor. It is this ver- 
satility which optimizes performance 
and, at the same time, complicates 

the design process-—because every 
design is different. 

Since each design is different, 
hardware prototyping and microcode 
development tend to be an ad hoc 
process with little of the work ex- 
pended on one design transferable 

to the next. 

Until now, no single tool had been 
available to assist in the complete de- 
velopment of microjprogrammed 
machines. Before the engineer could 
even start with his design, he had to 
locate a computing facility to assemble 
the microcode, come up with some 
type of PROM simulator (i.e., a dedi- 
cated mini with writable control store), 
assemble special test fixtures to control 
the system parameters of a given archi- 
tecture, develop special programs to 
manipulate the microcode in the PROM 
simulator. Then, he had to generate 

the microcode with a microprogram 
assembler that probably required 
modification. All this meant delay and 
expense. 


Microprogramming had to be made 
easier. 

Advanced Micro Computers now offers 
a cost effective solution with System 
29, the Advanced Microprogramming 
Development System. 

Read about its contribution from 

the start to finish of your micropro- 
grammed design. Find out how it can 
significantly reduce your design time 
and then be used to either follow your 
new product through production or 
start immediately on your next design. 
And how it offers much more than a 

* mere technical solution. Read why it is 
“an investment that pays for itself.” 


FROM: 





The Unique Microprocessor Lab 
For Your Microprogrammed Designs 












ARCHITECTURE 
DESIGN 
FIRMWARE 





HARDWARE 
LOGIC DESIGN 
FIRMWARE/ HARDWARE 
CHECK-OUT 













Get a head start with 
ANC application cards 


Write and generate 
microcode right at 
the System 29 console 


Load microcode directly 
into writable control 
store 


Build and check the 
design inboard or 
outboard to System 29 


A powerful set of 
programs manipulate 
the microcode at will 
and check it with the 
hardware 


System 29 is a fully 
documented general- 
purpose tool. It 

not only can service 
several designs 

but also can function 
as a manufacturing test 
facility. 








From firmware generation... 


The convenience of a disk 

operating system... 

Once the microprogrammed design 
architecture is set, the next step is the 
generation of the microcode. System 
29 provides the tools. 

O The AMDOS® 99 Disk Operating 
System provides complete file 
management for a Dual Flexible 
Disk System. 5 

CL] Each flexible disk has ample stor- 
age (240K bytes) for long programs. 

C) A powerful text editor is used to 
create and modify microprogram 
source files. 

CO) Anumber of other utility programs 
makes it easy to manipulate the 
code from one peripheral format to 
another, process various commands 
in batch mode, provide information 
about any file on the disk, etc.... 

OC ACRT Console lets the user interact 
with the system. An optional high- 
speed line printer provides perma- 
nent hardcopy which is helpful 
during the firmware development 
phase. 


Get a head start with a number 
of AMC application cards 

They work from day one and pro- 
vide the general-purpose functions that 
get microprogrammed designs off the 
ground and let designers concentrate 
on their specific application. The Com- 
puter Control Unit (CCU) is an example. 


You have all the tools for checking 
your logic design 

Sit down and write simple diagnos- 
tic programs to verify that prototyping 
circuits perform the way they are in- 
tended to. 


..-And a powerful resident micro- 
assembler... 

Microcode can be written in sym- 
bolic language and assembled right 
on System 29 with AMDASM® 99. 
AMDASM 29 is a powerful assembler 
that is easily “personalized” to match 
the microformat. Its output is readily 
loadable into the Writable Control 
Store which is supplied with System 
29 to simulate the microprogram 
PROMS in the user system. 


---Provide all the software tools 
for firmware generation. 

By writing individual programs for 
the Support Processor, the designer 
can add to System 29's already power 
ful set of commands and customize 
System 29 for particular needs. 


System 29 


...to hardware design 


Build your microprogrammed system 
inboard or outboard to System 29 

System 29 is accommodiating. It has 
five card slots dedicated to the user 
prototype complete with a power 
supply to drive them. If an outboard 
configuration is preferred, it allows 
easy connection to its development 
functionsi. 


Take advantage of the universal 
card format 

The Universal Prototyping Card 
is compatible with the SBC-80 format 
which is rapidly becoming the industry 
standard. It offers high packing density 
and easy interface to both System 29 
controls and other circuits. System 29 
can host enough cards for any design. 


-+-and the integration of both 


Versatile microprogram memory is 
the key to firmware generation 
and hardware check-out. 

C1 Writable Control Store (WCS) is 
where it all happens since it serves 
the vital function of microprogram 
memory and ROM simulation. Mi- 
croprograms can easily be loaded 
into it after assembly and initial 
debug. Many features (such as auto- 
matic assembly of the modified 
portion of the microprogram) are 
available to conveniently manipu- 
late the microcode at any time. The 
storage capacity can be easily 
expanded and a high-speed 
option permits real-time operation 
of your design. 

C] Microcode Check-Out Functions 
—Once the microprogram is 
assembled, System 29 knows the 
battle is only half over. Firmware 
and hardware can be integrated 
right at the CRT Console. 

A powerful set of programs lets 
the user display, move, locate, 
store and verify the microcode 
at will. 

Single-step through instructions, 
set traps, loop around sections of 
code, execute microcode until a 
specific address is reached, then 
execute some special code (i.e., to 
display the content of some reg- 
isters). 


Single Level Trace allows mon- 
itoring of 20 test points connected 
anywhere in the user's prototype. 

A Logic Analyzer option allows 
monitoring of 64. test points in real- 
time and displays the last 256 states 
on the CRT Console. 

C1 Microcode Output in a Directly 
Usable Format—When the micro- 
code is debugged, the System 29 
Reader/Punch option will output a 
paper tape directly usable on most 
commercially availaole PROM pro- 
grammers.. Alternatively, an optional 
PROM programmer can be driven 
directly from System 29. 


An 8080 software development 
capability is also included 

Because System 29 is controlled by 
an Am9080A* based Support Proces- 
sor, a complete software package is 
available to generate programs for 
other designs with the widely used 
Am9080A/8080 fixed-instruction-set 
microprocessor. 

The tools include an assembler, a 
debugger complete with a disassem- 
oler, and a loader. 

This capability adds to the universal- 
ity of System 29 and is another factor 
to justify its use for microprocessor 
development. 


*The Am9080A is a high-speed, pin-compatiole version of the 
B080A. 





System 29 


The System Mainframe is divided 
into a Support Processor section and a 
Microprogrammed System section. The 
Support Processor is a microcompu- 
ter built around the Am9080A MOS 
fixed-instruction-set microprocessor 
and a 32K RAM Systern Memory. It 
controls all input/output communica- 
tions with the user via the peripherals. 
It executes programs called from the 
CRT Console and provides all the 
necessary controls to the Micropro- 
grammed System. 

The Microprogrammed System in- 
terfaces to microprog‘ammed designs. 
It has the ability to house these circuits 
on a number of Universal Prototyping 
Cards. It can also interface to outboard 
designs, located outside the System 
Mainframe. The Microprogrammed 
System section also houses the Writa- 
ble Control Store (WCS) Card(s), the 
instrumentation Card, and the Com- 
puter Control Unit (CCU) card. 

CL] Writable Control Store. The basic 
WCS configuration is easily ex- 
panded, by the.addition of a sec- 
ond pre-wired card, from 2K by 64 
bits to 4K by 64 bits or 2K by 128 
bits. Additional WCS Cards can be 
accommodated, if necessary. Two 
optional high-speed WCS Cards (1K 
by 64 bits each), make it possible to 
achieve speeds similar to that of 
final designs. 


The hardware 


1 The Instrumentation Card includes 
the functions of clock control as 
well as microprogram address trap 
and branch control. 

Stop, single-step, or run can be 
activated from commands at the 
CRT console or buttons at the main- 
frame front panel. 

Stop or breakpoint on an ad- 
dress, or sequence of addresses, 
input from the keyboard. System 29 
will stop the microprogram when 
the input address matches the mi- 
croprogram address provided to 
WCS. Inputing a sequence of 
addresses, allows isolation of a par 
ticular combination of microcode. 

Branch or force a particular ad- 
dress onto the microprogram for 
one microcycle. For example, this al- 
lows branching to a special diag- 
nostic subroutine or an alternate 
microprogram subroutine you may 
want to activate. 

Monitor in real-time some 64 test 
points (an option to System 29). De- 
fine these test points, i.e., the mi- 
croword, the output of the ALU, the 
CPU-to-memory bus, designators, 
etc. They are saved at the clock fre- 
quency (or some. selectable fraction 
or multiple of it). When the clock is 
stopped, some 256 steps can be 
displayed in a convenient format to 
help trace what actually happened, 
step-by-step. 

The standard configuration allows 


C1 Application Card. The CCU Card 
is an application card available 
from AMC to expand the capabili- 
ties of System Q9. It is a pipelined 
microprogram sequencing unit 
designed around the Am2911 
Microprogram Controller. 

C1) The Universal Prototyping Card has 
space for over 100 16-pin DIP’s. It 
holds wire-wrapped dual-in-line 
sockets with pin centers of 0.3, 0.4, 
0.6, 0.7, and 0.9 inches. It is pre- 
wired for Vcc and ground on each 
side respectively. 

[1 Power Supply. The System Main- 
frame includes a separate +5 volt, 
25 amp (50 amp optional) power 
supply to support any bipolar cir- 
cuits mounted on inboard Universal 
Prototyping Cards. Therefore, a 
totally self-contained micropro- 
grammed system can be designed. 

C] The Peripherals include a CRT 
Console and a Dual Flexible Disk 
for the basic configuration. Op- 
tional peripherals include a Line 
Printer, a Paper Tape Reader/Punch, 
and a PROM programmer. 


the user to monitor in snapshot fashion 
(stop the clock and interrogate) some 
90 test points and up to 12 micropro- 
gram address bits. 










SUFPORT | MICROPROGRAMMED 
PROCESSOR SYSTEM 
HOST | 







SBC 80 BUS 





SYSTEM 
MEMORY 







| USER 
PAPER TAPE 
PROTOTYPE 
READER/PUNCH CARDS 


OPT'L 






OPT’L 


MICROPROGRAM BUS 
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System 29 
LOGIC CARD SET 


THE HEART OF SYSTEM 29 IS AMD’S POWERFUL Am9080 
MICROCOMPUTER WHICH FEATURES: 





Am9080 MICROPROCESSOR 
FOUR SERIAL I/O CHANNELS - 


THREE EIGHT-BIT PARALLEL I/O PORTS ————-—-——_.__ 
CRT CONSOLE INTERFACE ——W___-—____ 
PAPER TAPE READER/PUNCH INTERFACE ————————.____ 
PROM PROGRAMMER INTERFACE ——————————_________ 
LINE PRINTER INTERFACE —-————_____—__ 


DUAL DRIVE FLEXIBLE DISK INTERFACE aa 
32K X 8 MOS SYSTEM RAM — 


SUPPORT PROCESSOR SECTION 
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System 29 


Compatible with Intel 8080 
9600, 9600, 600, 110 bauds 
Am9555 

RS232 — 9600 baud 

RS232 — 600 baud 

Data I/O Corp model 17 or 19 


For hard copies 
RS232 -- 9600 baud 


500K bytes on-line mass storage 


Expandable up to 64K x 8 for 
higher level languages 








System 29 





System 29 
LOGIC CARD SET 


— TO STORE USER MICROCODE UNDER DEVELOPMENT 


WRITABLE CONTROL STORE 


MAX 
CONFIG. 
4K X 64 


MAXIMUM SPEED 1K X 64 


e HIGH SPEED/BIPOLAR 


2K X 128* 


44nsec TYPICAL 


50nsec MAX 
MAXIMUM CAPACITY 


4K X 128 


2K X 64 


e MEDIUM SPEED 





MICROPROGRAMMED SECTION 
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System 29 
LOGIC CARD SET 


INSTRUMENTATION CARD 


CONTAINS ALL THE CIRCUITS TO IMPLEMENT THE 
DEBUGGING FEATURES 


e CLOCK GENERATION FROM OSCILLATOR 


CLOCK CONTROL ——____________—_-————_ Control can be entered from front 
HALT, RUN, SINGLE STEP, MICRO STEP, panel or CRT 
MULTIPLE MICRO STEP Single step = one clock cycle 


Micro step = one microinstruction 









e ADDRESS BREAKPOINT/SYNC/INTERRUPT 5 

e ADDRESS JAMMING ———————______—_———_Initiate program execution at selected 
e KEEP TRACK OF LAST MICROPROGRAM ADDRESS meee 

e KEEP TRACK OF LAST STATE OF 20 MONITOR BITS ——— (Can be interactively displayed at CRT 
e@ TRAP BITS TO CONTROL CLOCK ———————_-—__ Defined by user 





System 29 











System 29 
LOGIC CARD SET 


COMPUTER CONTROL UNIT CARD | 


PROVIDES PIPELINED CONTROL FOR ADDRESS SEQUENCING 
AS WELL AS AN OPCODE MAP 


FEATURES: 


@ AN EXAMPLE OF GENERAL PURPOSE MICROPROGRAM 
NEXT ADDRESS CONTROL 


e SECTIONS OF PIPELINE REGISTER DEDICATED TO 
PRE-DEFINED MICROCODE FORMAT 









INTERFACE DIRECTLY TO WCS 

OPTIONAL USE: BY USER 

SIMILAR TO Am2910 

STARTING ADDRESS MAPPING RAM (256 WORDS X 12 BITS) —————RaM can be modified easily 
VECTOR ADDRESS PROM ———_______—____—__—_ Eee ySly at CRT” 


ADDRESSES 4K WORDS OF MICROCODE WITH THREE SEQUENCERS ‘—Por interrupts 

NEXT ADDRESS CONTROLLER 

TEST CONDITION MULTIPLEXER 
selected for a conditional 

16-WAY BRANCH CONTROL aastbn 

LOOP COUNTERS 





One of 16 conditions can be 
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System 29 
LOGIC CARD SET 





| System 29 | 
| | DATA 

| : | (UP TO 128 BITS) 
INSTRUMENTATION WRITABLE CONTROL 7 / 

| CARD STORE LY 

GY 








SYSTEM CLOCK CONTROL 


SYSTEM CLOCK 





_CONTROLLED OSCILLATOR 


Extremely simple user interface. Address bus, 


Data bus, and a few control lines and clock signals. PS 008 


Z USER INTERFACE 






_:  14-PIN OR 16-PIN 
i. —SOCKETS DENSITY 
PACKING*+ 


__22-PIN SOCKETS 
DENSITY PACKING+ 


24-PIN SOCKETS 
DENSITY PACKING; 


UNIVERSAL PROTOTYPE CARD 


TSOCKETS ARE NOT INCLUDED 
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System 29 
SOFTWARE 


A COMPLETE SOFTWARE PACKAGE COMES WITH SYSTEM 29, INCLUDING 


A POWERFUL ASSEMBLER, A COMPREHENSIVE DISK OPERATING 
SYSTEM, AND MICROCODE DEBUG PROGRAMS. 


AMDOS 29, the Disk Operating Sys- 
tem, performs file management of pro- 
grams on the Flexible Disk and ail I/O 
routines required for peripheral com- 
munications. It supports a named file 
system with up to 64 distirict files on 
each flexible disk. Each file can contain 
up to 240K bytes. Sequential and 
random access are provided. A table 
summary of its commands is shown 
below. 


Built-in Commands 
TYPE Displays the contents of a file at 
the CRT Console. 


DIR _ Directory: Displays file name 
and file type of all 
files present on a 
disk. 

REN Rename: Changes a file name. 

ERA Erases a given file or set of files 
from the disk. 

SAVE Saves a portion of System 
Memory (RAM) on the disk as a 
named file. 

Transient Commands 

ED The Editor allows prepara- 

tion of programs and text 
using powerful context edit- 
ing and display commands. 

PIP Peripheral Interchange Pro- 


gram allows transfer of files 
between various peripherals 
and disk files. 

Examples: 

-Copy file from 

disk drive A to B. 

-Output any diskifile to the 
CRT Console or Printer. 

-Read a paper tajpe onto disk. 
-Copy and rename a given file. 
-Concatenate files. 


SUBMIT Allows commands to be 
batched togetherland be 
executed automatically. 

SET Sets up system parameters. 

DUMP Prints the contents of a file in 
“hex” and iASCII format at the 
CRT Console. 

SYSGEN Initializes a flexible disk with 
the operating system. 

DISPL Displays source and list files 
from the disk on the CRT 
Console. 

STAT Statistics: Lists files by name, 


file space used by each, re- 
maining disk space, device 

assignments. Allows user to 
change device assignments. 


Microprogram Generation Software 

AMDASM® 29 A microprogram as- 
semobler which can 
be personalized by 
defining a particular 
microcode format. It 
will then assemble 
the microcode from 
source to object 
code. 


Reorganizes the mi- 
croprogram for a 
given PROM organiza- 
tion. 

Outputs the micro- 
program in a form 
suitable to a given 
PROM organization. 
Generates micropro- 
gram entry point 
addresses that are 
loaded into the CCU 
mapping RAM. 


AMSCRV® 99 


AMPROMN® 99 


AMMAP® 99 
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Microprogram Support Software 
These programs load, save, and 

debug microcode during the firmware/ 

hardware check-out phase of the 


design. 

LBPM __ Loads Bipolar Memory (BPM) 
from disk to Writable Control 
Store (WCS) or Mapping RAM 
(MAP). 

VBPM _ Verifies BPM—-compares data 
in WCS or MAP with data on 
disk. 

SBPM Saves BPM—saves on disk, the 
microprogram stored in WCS 
or MAP 

RBPM Restores BPM—reloads the 
saved microprogram. 

DDT29 Dynamic Debugging Tool al- 


lows dynamic manipulation 
while running the micro- 
program. Commands such as 
TRACE, STEP HALT, RUN, DIS- 
PLAY, MODIFY, and JUMP offer 
complete control over the mi- 
croprogrammed processor. 


Am9080A Software 

This software allows the writing 
of programs for AmM9080A fixed- 
instruction-set microprocessor design 
for the customization of System 29 
by writing special programs for its 
Am9080A-based Support Processor. 
ASM  Am9080A Assembler 
DDT Dynamic Debugging Tool is a 
monitor that allows symbolic 
program tracing, debugging, 
and testing. DDT contains a 
complete Ari9080A Disassem- 
bler. 
The loader prepares a memory. 
image file from:an assembled 
file, ready for direct execution. 


LOAD 





MICROPROGRAMMING SOFTWARE GENERATION 


= 


CJR: DEF 4VX,H#@,24X 
JR: DEF 4VX ,H#1,24X 
CONT: DEF 4VX,H#2,24X 
JMAP: DEF 4VX,H#3,24X 
CJSRs DEF 4VX,H#4,24X 
JSR: DEF 4VX,H#5,24X 
RIN: DEF 4VX,H#6,24X 
LOOP: DEF 4VX ,H#7,24X 
FLPF@: DEF 4VX,H#8,24X 
PUSH: DEF 4VX,H#9,24X 
POP: DEF 4VX,H#A,24X 
ELPCN4: DEF 4VX,H#B,24X 
JRFO: DEF 4VX,H#C,24X 
JRFS: DEF 4VX,H#T,24X 
JROVR: DEF 4VX,H#E,24X 
JRCN4: DEF 4VX, H#F,24X 
’ 

;OTHER DEFINITIONS 

’ 

AM2901: DEF OX ,3SVQ#1,1%X, 


DATA: DEF 


TYPICAL MICROPROGRAM SOURCE FILE 
AMD AMDASM MICRO ASSEMBLER, V1.9 


TYPICAL DEFINITION FILE 


AM2999 NEXT MICROINSTRUCTION ADDRESS SELECT DEFINITIONS 


AM2900 KIT EXERCISE #190 


;AMDASM EXAMPLE, 


? 
0880 
O8O1 
@BG2 
CLAS 
O08 4 
OB85 
QBKE 
8887 
2888 
O2B9 
QCOCA 
COOB 
COLC 
QOD 
VOCE 
OOOF 


BEGIN:: 


STOP: : 
INCR3:3 


CONT & AMZ29@1 RAMF,DZ,,OR,,R@ & DATA H#F 3 1 
CONT & AM2901 RAMF,DZ,,OR,,R1 & DATA 9 3 2 
CONT & AM2901 RAMF,DZ,,0R,,R2 & DATA BHGGA1 ; 3 
CONT & AM2901 RAMF,DZ,,0OR,,R4 & DATA 4 ’ 4 
PUSH & AM2901 RAMF,ZB,,AND,,R3 ; 2 
CONT & AM2901 ,DA,,AND,R@,RO & DATA 1 ’ 6 
CJSR INCR3 & AM2901 RAMD,ZB,,OR,,RO ; 7 
CONT & AM2901 ,DA,,ANIT,R1,R1 & DATA 1 ; 8 
CJSR INCRS & AM2901 RAMD,ZB,,0R,,R1 3 9 
CONT & AM2901 ,DA,,AND,R2,R2 & DATA 1 , 18 
CJSR INCRS & AM2901 RAMD,ZB,,OR,,R2 ; 11 
CONT & AM2901 RAMF,ZB,CN®,SUBR, ,R4 ; 12 
ELPFO & AM2901 ’ 13 
JR STOP & AM2901 ,ZB,,OR,,R3 ; 14 
ORG 15 ’ 15 
RTN & AM2901 RAMF,ZB,CN1,ADD,,R3 ’ 16 


ZVX,1VX,3VX,4VX,4VX,4X 
28X,4VH# ;DEF TO SUPPLY ALU DATA INPUT 


ASSEMBLY PHASE 


System 29 


;JUMP REGISTER IF F @ 
sJUMP REGISTER 
;CONTINUE 

; JUMP MAP 

3; JUMP SUBROUTINE IF F @ 
s JUMP TO SUBROUTINE (CALL) 
$RETURN FROM SUBROUTINE 
SFILE REFERENCE 

$END LOOP & POP IF F=@ 
sPUSH PC AND CONTINUE 
;POP AND CONTINUE 

;END LOOP & POP IF CN+4 
s JUMP REGISTER IF F=@ 
;JUMP REGISTER IF F3 

; JUMP REGISTER IF OVR 

; JUMP REGISTER IF CN4 


PAGE 1 
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BLOBS 
A2G1 
GOL 
OLGS 
OO04 
Q2B5 
B2S6 
COC? 
@208 
OYBI 
O2SA 
O2OB 
COSC 
COOL 
COOK 


XXXX9019X0811X111 
XXXXO0@010X911X111 
XXXX0010X911X111 
XXXXO@10X811X111 
XXXX1001XG11XG11 
XXXX@@19XGG1X101 
11110180X101X9011 
XXXX@@1O0X2G1X101 
11110180X191xX011 
XXXXO@019XO8G1X1 G1 
11119100X101X811 
XXXX0010X811XG11 
XXXX1GOOXSOIXXXX 
11810001X001XG11 
XXXX@110X@11X811 


TYPICAL MICROPROGRAM OBJECT FILE 


XO11XXXX000C1111 
X@11XXXXOHO11001 
XO11XXXX0O1GO8001 
X@11XXXXB1GHG120 
X1O@OXXXXOO1L1TAXXX 
X1GOSPOCOHCSOHOSL1 
XO11XXXXOOOSKXXX 
X1 8900810001 0001 
XO1LTXXXXOOOS1LXXXX 
X1929021008100001 
XO11IXXXXGS1GXXXX 
SOOAXXXXO1OSXXXX 
XXXXXXXXXXXXXXXX 
X@1LIXXXAXGHLLXAXX 
16@OXXXXOO11XXxXxX 


MICROPROGRAM CHECK-OUT SOFTWARE 


MANIPULATE MICROCODE IN WCS OR MAPPING RAM 


— LBPM: LOAD FROM DISK 

— VBPM: VERIFY AFTER LOAD 
— SBPM: SAVE ON DISK 

— RBPM: RESTORE AFTER SAVE 


MICROPROGRAM CHECK-OUT SOFTWARE 
DDT29 — A MICROCODE DEBUGGER 
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@ MANIPULATE MICROCODE IN WCS OR MAPPING RAM 
— DISPLAY, MODIFY 


e CLOCK CONTROL 
— HALT, SINGLE STEP, MICROSTEP, RUN 
— BREAKPOINT TRAP 


e BRANCH CONTROL 
— ADDRESS JAMMING 


e SINGLE LEVEL TRACE 
— DISPLAY 20 MONITOR BITS 


BATCH CAPABILITY 








Using the System 29 

System 29 is useful to the micropro- 
grammed system designer from initial 
hardware/firmware design to final 
interface and debugging. It also pro- 
vides a production test station after 
the design has been completed. 

C] System Initialization is as simple 
as pressing a front panel button. 
AMDOS 29 is automatically loaded 
from disk to RAM System Memory 
and System 29 is ready to work. 

C] Logic Design. Mount logic circuits 
on the Universal Prototyping Card 
which plugs directly inside the 
System Mainframe. Alternatively, 
connect an outboard design via 
cable interface. 

At any time you can write simple 
programs that will analyze the 
logic design, wiring errors, and 
component failures. 

CL) Microcode Generation. Once the 
microcode format has been set, the 
AMDASM 29 assembler can be per 
sonalized. This is the Definition 
Phase. System 29 acts as an interac- 
tive CRT Console as the Editor is 
used to build the Definition File. 
The next step is to generate the 
microcode source files, written in 
mnemonic language, again using the 
interactive Editor. The assembly 
process then turns these source 
files into object files, i.e., a binary 
representation of the microcode 
(1's, 0's and “don't cares”). When the 
assembly is completed, they are 

routed to disk storage. 








































O Microcode Check-out. Once the 


microcode (firmware) has been as- 
sembled and the logic design has 
been checked-out, they are ready 
to be interfaced, using System 29 
as a check-out station. Load the 
microcode into Writable Control 
Store (microprogram memory) and 
begin using the System 29 features 
available to: 

Verify and edit microcode in 
WCS. 

Run, halt, and single-step the 
microprogram. 

Stop or breakpoint an address, 
or a sequence of addresses, input 
from the keyboard. 

Branch or force a particular 
address onto the microprogram 
for one microcycle. 

Generate and debug sequences 
of microcode written explicitly for 
hardware debugging purposes and 
not a permanent part of the final 
microcode. 

Monitor some 64 test points in 
real-time. 

Firmware Post-Processing. When 
microcode check-out has been 
completed, AMPROM 29 will output 
the microcode on the optional 
Paper Tape Punch in a format ap- 
propriate for a given PROM pro- 
grammer. Alternatively the output 
can be sent to an optional PROM 
programmer connected directly to 
System 29. AMSCRM 99 allows reor 
ganization of the microinstruction 
fields for various PROM organi- 
zations before outputting the 
microcode. 
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_ ware and software products after 


System 29 













Complete support 


System 29 comes with complete 
support: 

Training courses for two engineers on 
microprogramming techniques and the 
detailed use of the system; a complete 
documentation package; an extensive 
warranty and service plan for both hard- 


installation at your facilities; the active 
participation of a team of Field Appli- 
cation Engineers fully trained on the 
use of the system and the design of 
microprogrammed systems. 


System 29 
























EXAMPLE OF System 29 
DEVELOPMENT 


The capabilities of SYSTEM 29 can be demonstrated by micro- 
programming one of the exercises from the Am2900 Learning 
and Evaluation Kit. This kit provides a simple but complete exam- 
ple of a microprogrammed system. 


The architecture of the kit is shown in Figure 5-1. The dashed 
lines outline the two LSI components, the Am2909 microprogram 
sequencer and the Am2901 four-bit slice microprocessor. Each 
microinstruction in the microprogram memory consists of 32 bits 


INSTRUCTION 
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SWITCHES: 
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REGISTER 
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STACK 
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divided into fields to control the: sequencer, branch address, shift 
multiplexers, and all the inputs to the Am2901. The fields and 
their functions are defined in Figure 5-2. 


The first step in using SYSTEM 29 is the creation of a set of 
definitions which reflect the hardware on which the microprogram 
will run. The statements in Figure 5-3 completely define, mne- 
monically, the fields in the kit. That is, they implement exactly the 
fields and their functions for the microprocessor architecture 
defined in Figure 5-1, and so may be used in writing all micropro- 
grams that are to operate in this architecture. Figure 5-4 shows a 
flow chart of the program to be written. Figure 5-5 is the SYS- 
TEM 29 output in Block format. 
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CODE MUX 
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Figure 5-1. Am2900 Learning and Evaluation Kit Architecture. 
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RAM & MUX 
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RAM 

BIT 
NUMBER {- 

BIT BR3| BR2 
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FIELD 
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BRANCH 
ADDRESS 


DESTINATION SOURCE 


INSTRUCTION 
HINSERUETIO CONTROL SELECT 


CONTROL 









| CODE, FUNCTION 


BRANCH REGISTER IF F #0 
BRANCH REGISTER 
CONTINUE 

BRANCH MAP (D SWITCHES) 
JUMP-TO-SUBROUTINE IF F #0 
JUMP-TO-SUBROUTINE 
RETURN-FROM-SUBROUTINE 
FILE REFERENCE 

END LOOP AND POP IF F =0 
PUSH (AND CONTINUE) 

POP (AND CONTINUE) 

END LOOP AND POP IF C44 
BRANCH REGISTER IF F =0 
BRANCH REGISTER IF F3 
BRANCH REGISTER IF OVR 






Es NOTHING ica 


























frase oa6 Lr 
ep rae [| 
pep ae more [| 







ON OO R WN | CO 








BRANCH REGISTER IF Cyy4 DOWN* UP** - 
ee ZERO 0>RAM3 0-03 0->RAMo Q>Q9 
ROTATE RAMg > RAM3 Qo > O3 RAM3 > RAMg Q3 709 


at ROTATE DOUBLE RAMg > 03 Qo >RAM3 | RAM3->Qo Q3 > RAMg 
ha ARITHMETIC DOUBLE F3(Sign) >RAM3 RAMg>Q3 | Q3>RAMg 0+Qg 


Figure 5-2. Example of Fields and Functions. 
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TITLE AM290C KIT DEFINITIONS 


WORD 32 
“REGISTER DEFINITIONS 


RO: EQU H#0 
Al: EQU H#1 
R2: EQU H#¥2 
A3: EQU H#3 
Aé: EQU H#4 
AS: EQU H¥5 
R6: EQU H#6 
R7: EQU H#7 
R8: EQU H#8 
R9: EQU H¥9 
R10: EQU H#A 
Alt: EQU H¥B 
R12: EQU H¥C 
R13: EQU H#¥D 
R14: EQU H#¥E 
R13: EQU H#¥F 






“RO” to ‘‘R15”’ are set to hex 0 to F 
using the ‘‘equate’’ statement. The ‘‘H#"’ 
designator means the numbers following 
are in hex, and each digit represents 4 bits. 






“AM2801 SOURCE OPERANDS (R S) 


AQ: EQU Q#0 
AB: EQU Q#1 ae 
20: £QU O#2 ALU Source operands are assigned 


ZB: EQU A#3 : ‘i 7 
7A. EQU Od octal values using the ‘‘equate’’. The 


DA: EQU O#5 “Q#'' designates octal, 3 bits, per digit. 
DQ: EQU O¥6 
02: EQU #7 


‘AM2901 ALU FUNCTIONS (R FUNCTION S) 


ADD: EQU Ci#0 

SUBR: EQU C#1 

SUBS: EQU Ci#2 . 

OR: EQU Ciw3 The 8 ALU functions of the AM2901 are 
AND: QU Ci#4 ' 

NOTRS: EQU G#5 given names. 

EXOR: EQU C#6 

EXNOR: EQU Ci#7 


‘AM2901 DESTINATION CONTROL 
QREG: EQU 0#0 
NOP: EQU #1 
RAMA: EQU 2#2 
RAMF: EQU #3 
RAMQD: EQU #4 
RAMD: EQU 2#5 
RAMQU: EQU 2#6 
RAMU: EQU #7 


“SHIFT MATRIX CONTROL 
Defines the two separated bits which: 


SOTATE: De ac ceo Er eat UK control the left-right shift multiplexers. 
DBLROT: DEF 8X,B#1,3X,8#0,19X The ‘‘x's’’ are ‘‘don’t-care’’ bits in 
ARITH: . DEF 6X.B#1,3X,B#1,19X between the defined bits. 


NEXT MICROINSTRUCTION ADDRESS SELECT 


BRFNO: ——‘[:QU H#0 :BRANCH REGISTER IF F NOT EQUAL TO ZERO 

BR: QU H#1 :BRANCH REGISTER 

CONT: EQU H#2 ;CONTINUE 

BM: QU H#3 :BRANCH MAP 

JSRFNO: — EQU H#4 JUMP-TO-SUBROUTINE IF F NOT EQUAL TO ZERO 

JSR: EQU H#5 ;JUMP-TO-SUBROUTINE 

ag : HOU Ae eure lide) pUSpONTHle Definitions for the sequence control 
LOOPFNO: [QU Ha ‘END LOOP AND POP IF F=0 instructions used in the second field 
PUSH: QU H#9 ;PUSH AND CONTINUE of the microinstruction. 

POP: EQU H#A ;POP AND CONTINUE 

LOOPCOUT: EQU H#B ;END LOOP AND POP IF CN+4 

BRFEQO: QU H#C ;BRANCH REGISTER IF F=0 

BRF3: EQU H#D ;BRANCH REGISTER IF F3 

BROVR: — QU H#E :BRANCH REGISTER IF OVR 


BRCOUT:  EQU HwF :BRANCH REGISTER IF CN+4 
‘OTHER STUFF 


CNO: EQU B10 te 
CN1: EQU Bstt : ; 

LOW: EQU ByO 

HIGH: EQU By¥1 

ZERO: EQU Bst0 mah 

ONE: EQU Bi Format definitions are made for the ALU 


A isaeit DEK Oi Ata de aie A AACA fields, the sequence control fields, and the 
AM2909: DEF 4VK.4VH#2.26% 0° data input. Formats contain don’t cares (x) 
DIN: DEF 26X,4VH# and variables (v). Each variable can have a 
: default value. For example, in AM2909, the 
2 ; : second four-bit variable defaults to hex 2, 
and the first four-bit variable defaults to x. 


END 


Figure 5-3. Definition File. 
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—_——————— 7 0020  —-AN2909 & AM2901 AMF, DZ,,0R,,RO & DIN HAF 


To] LOAD Fp-Vo | : 9081 AM2909 & AM2901 AMF, DZ,,0R,,R1 & DIN 9 
17 oab y= ¥4_ | : 
qe ee 
| 3] LOAD gn | 
Ka Ie 


6002 AM2909 & AM2901 RAMF, DZ,,0R,,R2 & DIN B 
0003 AM2909 & AM29@1 AMF, DZ,,0R,,R4 & DIN 4 
O204 AM2989 & AM2981 RAMF, ZBy,AND,,R3 

6005 A5: AM2909 & AM2901 ,DA,,AND,.RO,RO & DIN 1 
9806 AM2929 A14,JSRFNO & AM2901 RAMD, ZB,,0R,,RO 





@GGI XXXXOL10X001X101 X102001000100201 
@GGA 11168100X101X011 XB11XXXXBB1OXXxXxX 
@GGB XXXX@B1OXO11X0H11 BOBLXXXXB1BOXXXX 
@BAC B1B1BGVAXOB1XXXX XXXXXXXXXXXXXXXX 
QGBD L11IBOBD1XBB1XXXX XXXXXXXXXXXXXXXX 
@GGE XXXXO11BXO11XB11 1BBOXXXXOB11XXXxX 
@GGF 11110201XO01XB11 XB11XXXXBB11XXXxX 






[5] 9. 0:0 = ooo | 007 AN2909 & AM2901 ,DA,,AND,RI,R1 & DIN 1 
| : | | 0008 AN2909 A14,JSRFND & AM2901 RAMD, ZB,,0R,,RI 
Se ss I E g009 AM2909 & AM2901 ,DA,,AND,R2,R2 & DIN 1 
: a | 000A  — AM2909 A14,JSRFNO & AM2901 RAMD, ZB, ,OR, ,R2 
i | 2008 AN2969 8 AM29@1 RAME, ZB, CNO,SUBR, »R4 
| | B00C AN2909 A5,BREN & AM2901 
| 00) —«AN29Q9 AIS,BR & ANZ9O1 
| | DOE A14: AM2909 ,RTS & AM2901 RAMF, ZB,CN1,ADD,,R3 
aN OOF AIS: AM2909 AIS,BR & AM2901 ,ZB,,0R, ,R3 
fa} see | END 
¢ No | BOGS XXXXOOLOXOLIXI11 XOL1XXXXO0001111 
. Cees BOG1 XXXX@B19XO11X111 XO11XXXX00011001 
Fs [ R= 0:0 = 0007 | QG02 XXXXBO10X811X111 XO11XXxx09100000 
| | GOG3 XXXXAO1OXOLIX111 XO11XXXX01200100 
CON es GOG4 XXXXBO1OXO11XO11 X1BOXXXXOBLLXXXX 
Ci Ee ae | GOGS XXXX@010X001X101 X1ego00000000001 
| GOG6 1110B100X101X811 XOLIXXXXBQOOXXXX 
~ Bi | GOG7 XXXX@21OXO01X101 X100000190010001 
Tae he GGGS 111081@0X101XA11 XB11XXXXBBD1XXXX 
af ocr, __—*s | 


i READ Rg (SYNC) 






AMDASM29-2 





Figure 5-4. Flow Chart of Example. Figure 5-5. Assembly Output in Block Diagram. 
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RESULTANT PROM SET 


When a user has completed an assembly, he may wish to output 
his binary object code in a form which corresponds with his 
PROMs’ organization and/or he may wish to punch the object 
code from his program onto paper tapes to be used as input to a 
PROM burner. 


PROM ORGANIZATION 


The assembler generates binary object code for the executable 
statements in the file named ASM. 


This binary object code is output to a file called PRMOUT. 


For our example we shaill assume that the microword is 48 bits 
wide and the number of executable statements is 1024. 


This gives us a matrix 48 wide by 1024 deep as shown in Figure 
6-1. 


Bit No. 12GB 4 eeee cove csacessevesesseess 4G 


Executable 1 
Instruction 2 
Number 3 

4 


1024 





Figure 6-1. Bit Matrix 


After PROM width and depth are specified, the Bit Matrix is 
subdivided to yield a PROM Map where each PROM is n bits wide 
by m bits deep. If we assume that the program origin is zero for 
our example, the actual PROM MAP printed might appear as 
shown in Figure 6-2. 





PC 


0000 
0100 
0300 
0380 


16 X 256, 16 X 512, 16 X 128, 16 X 128 


PC represents the initial program counter value for that PROM 
row. The PC value is given in hexadecimal. 





Figure 6-2. Sample PROM MAP. 





For the example, PROMs shail be organized as shown in Figure 
6-3. 


Each executable instruction naturally has a program counter 
associated with it by virtue of its position in the program and/or the 
origin(s) that were set during the assembly execution. 


This breakup of the matrix is now called a PROM map which has 
associated with it, not only the PROMs shown, but rows and 
columns as shown in Figure 6-3. Thus, we may now refer to 
PROM 19 by using the digits 19, or by referencing R3 for Row 3 
and C5 for Column 5. 





As shown in Figure 6-4, all PROMs in Row 1 are 256 (instruc- 
tions) deep, but PROMs 1, 3, 5, and 6 are only 4 bits wide, while 
PROMs 2 and 7 are 8 bits wide and PROM 4 is 16 bits wide. 


In Row 2, all PROMs are 512 (instructions) deep and PROMs 8, 
10, 12 and 13 are 4 bits wide, PROMs 9 and 14 are 8 bits wide and 
PROM 11 is 16 bits wide. 


Rows 3 and 4 are each 128 (instructions) deep; PROMs 15, 22, 
17, 24, 19, 26, 20, and 27 are 4 bits wide; PROMs 16, 23, 21, and 
28 are 8 bits wide; and PROMs 18 and 25 are 16 bits wide. 


If the user requests printing (or punching) of PROM #1 he will 
obtain data that is 4 by 256. 


If the user requests printing of Row 3, he will obtain data (i.e., the 
contents of PROMs 15 through 21) in the following form: 


4X 128, 8 X 128, 4 X 128, 16 X 128, 4 X 128, 4 X 128, 8 X 128 


If the user requests printing of Column 4 he will obtain data (i.e., 
the contents of PROMs 4, 11, 18, and 25) that is: 
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1 2 4 5 6 
Column # PROM# PROM# PROM# PROM# PROM# PROM# 
1 
Row # 1 2 3 4 5 6 
2 PROM# PROM# PROM# PROM# PROM#|! | PROM#| | PROM# 
8 9 10 11 12 13 14 


3 PROM# PROM# PROM# PROM# PROM#| | PROM#| |PROM# 
15 16 17 18 19 20 21 

4 PROM# PROM# PROM# PROM# PROM# PROM#| |PROM# 
22 23 24 25 26 27 28 


MPR-325 


PROM# 





| - #- 












Figure 6-3. PROM MAP 


Bit No. 1-4 512 . 17-32 33-36 37-40 41-48 
——— 
f 
Executable 1 PROM # PROM# PROM# PROM#| | PROM# PROM# 
Instruction to 
Number 256 1 2 4 5 : 
PROM# PROM# PROM# PROM#| |PROM# PROM# 
8 9 11 12 13 14 
PROM# PROM# PROM# PROM# | |PROM# PROM# 
15 16 18 19 20 21 
PROM# PROM# | PROM# PROM#} | PROM# PROM# 


to 22 23 | 25 26 27 28 





MPR-326 





Figure 6-4, Organization of PROMs 
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Bipolar Logic and Interface 


MULTIPLIERS 


Am25LS2516 


8-bit by 8-bit serial/parallel multiplier 

Two's complement, two-bit look-ahead carry-save arithmetic 
Microprogrammabie — four-bit instruction code for load, 
multiply, and read operations 

Cascadable, two devices perform full 16-bit.multiplication 
without additional hardware 

8-bit byte parallel, bidirectional, bussed 1/O 

On-chip registers and double length accumulator 

Overflow indicator 

Three-state shared bus input/output lines 

High-speed architecture provides clock rates of 20MHz typ. 


CONNECTION DIAGRAM 


BUS 5 

BUS 3 

BUS 1 

ACC UH OUT ODD 
ACC UH IN ODD 
ACC UH IN EVEN 
ACC LH IN ODD 
ACC LH IN EVEN 
YR OUT ODD 


BUS7 
BUS 6 
Bus 4 
BUS 2 
BUS 0 
ACC UH OUT EVEN 
OVFL 


©OnN OH EAWHN 


10 Am25LS2516 12 
W GND 
12 YR OUT EVEN 
YR iNODD 13 OE 
YR IN EVEN 14 13 
MSB 15 CLK 
16 ACC ADD OUT ODD 
7 ACC ADD QUT EVEN 
SUM iN EVEN 18 LSB 
SUM IN ODD 19 X4 
SUM OUT EVEN 20 SUM OUT ODD 


Am25S557 « Am25S558 


8-bit by 8-bit combinatorial muitiplier 

Full 8 x 8 multiply in 45ns typ. 

Cascades to 16 x 16 in 110ns typ. 

Unsigned, two's complement or mixed operands 
MSB and MSB outputs for easy expansion 
Implements common rounding algorithms with 
additional logic 

Three-state outputs 

Transparent 16-bit latch in Am25S557 


CONNECTION DIAGRAM 


On nner WH =~ 


Am25S558 
(Am258557) 


Pin assignments shown are for Am25S558. G and R shown in paren- 
theses are pin assignments for Am25S557. 


Refer to Schottky and Low-Power Schottky Data Book for complete product data. 
4-1 


8-BIT Y INPUT 


LOGIC DIAGRAM 


1/0 BUS 


Y 
ACC ADD 
QUTPUT 


OUTPUT 


8 


4 
10 ue : | conrrot 


26 . 
ceo f>—_____ 


LOGIC DIAGRAM 


8-BIT X INPUT 


MODE 
CONTROL 


8X8 
MULTIPLIER 
ARRAY 


Y¥ INPUT BUFFERS 


ROUND 
DECODE 


LATCH r 
TRANSPARENT 
ENABLE G* ——-{ LATCHES 


LL —— 


4 
/—. Am25S8557 ONLY 


OE 
OUTPUT 
ENABLE 


———— 815 S15 
Weer jeroreem” 
16-BIT PRODUCT 


*Pin11is G for Am25S557 and Ry for Am25S558. 





SHIFTERS 


Am25S10 CONNECTION DIAGRAM 


@ Shifts 4 bits 0, 1, 2 or 3 places Y4 Y2 Y3 So. 
e@ Three-state outputs 
@ tpp 6.5ns typ. 
e@ Easy expansion to any number of bits without propagation 
delay increase 


LOGIC DIAGRAM 

















Am25LS2521 


® 8-bit byte oriented equal-to comparator 
® Easily cascadable using E\y 

@ Combinatorial logic with tpp = 9.0ns typ. 

@ Broad application in conditional gating and microprocessor 
memory address decoding 






LOGIC DIAGRAM 










CONNECTION DIAGRAM 






Ag 





A7 





vec Eout 87 


Ein Ao Bo 






Refer to Schottky and Low-Power Schottky Data Book for complete product data. 
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BUS TRANSCEIVERS/DRIVERS 
Am3448A 


FEATURES 


lEEE-488 quad bidirectional transceiver 

Three-state outputs 

High impedance inputs 

Receiver hysteresis — 600mV typ. 

Fast propagation times — 50-20ns typ. 

TTL compatible receiver outputs 

Single +5 volt supply 

Open collector driver output option 

Power up/power down protection (No invalid information 
transmitted to bus) 

No bus loading when power is removed 4rom device 
Required termination characteristics provided 


CONNECTION DIAGRAM 


SEND/REC. 
INPUT A 
DATAA SEND/REC. 


INPUT D 
BUSA 14] DATAD 


PULL-UP ENABLE 
INPUT A-B 


| PULL-UP ENABLE 
BUS B 121] neut c-p 


DATAB 


SEND/REC. 
INPUT B 10[ ] DATAC 


SEND/REC. 
~ |] input c 





Refer to Schottky and Low-Power Schottky Data Book for complete product data. 
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DATA 
A(c) 


SEND/ 
RECEIVE A (C) 


PULL-UP 
ENABLE 


SEND/ 
RECEIVE B (D) 


DATA 
B (D) 


LOGIC DIAGRAM 
1/2 Am3448A 








LINE DRIVERS 
Am26LS29 


FEATURES 


Four single-ended line drivers in one package 

Meets all requirements of RS-423 

Output short-circuit protection 

Individual rise time control for each output 

500 transmission line drive capability 

‘High capacitive load drive capability © 

Low Icc and Ieg power consumption (26mW/driver typ.) 
Three-state outputs for bus oriented systems 

Outputs do not clamp line with power off or in 
high-impedance state over entire transmission line voltage 
range of RS-423 

Low current PNP inputs compatible with TTL, MOS 
and CMOS 


CONNECTION DIAGRAM 


SLEW RATE 
161 J controt A 


tnpuT A[ J 2 15 [| ouTeuT A 


input B [|] 3 14 [_] outeut B 


SLEW RATE 
131 J contriot B 


SLEW RATE 
12 ; 
| CONTROL C 


a1 [|] outTPuT c 


ENABLE | | 4 
Am26LS29 
5 


input c [_]6 


INPUT D [7 10 [| outeuTt D 


SLEW RATE 
91] controt o 





Am26LS30 


FEATURES 


Dual RS-422 line driver or quad RS-423 line driver 
Driver outputs do not clamp line with power off or in 
high-impedance state 
Individually three-state drivers when used in differential 
mode 
Low Icc and lee power consumption 
RS-422 differential mode 35mWdriver typ. 
RS-423 single-ended mode 26mW/driver typ. 


individual slew rate control for each output 

‘500 transmission line drive capability (RS-422 into 
virtual ground) 
Low current PNP inputs compatible with TTL, MOS 
and CMOS 


High capacitive load drive capability 


CONNECTION DIAGRAM 


SLEW RATE 
i CONTROL A 


input A [| 2 1s [] output A 


INPUT/ENABLE B [| 3 14 [__] ouTeuT B 


13 SLEW RATE 
anansse Fen ® 
Les a CONTROL C 


INPUT/ENABLE C[ | 6 11] ]ouTeutc 


inpuT Of ]7 10 [ | ouTPpuT D 


SLEW RATE 
91 controt b 





Refer to Schottky and Low-Power Schottky Data Book for complete product data. 
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LOGIC DIAGRAM 


SR soit A 
INPUT A OUTPUT A 
SR CONTROL B 
INPUT B OUTPUT B 
SR CONTROL C 
INPUT C OUTPUT C 
5R CONTROL D 
OUTPUT D 


INPUT D 


Vcc 
GROUND 





VEE ENABLE 


LOGIC DIAGRAMS 
Am26LS30 with Mode Control HIGH (RS-423) 


SR CONTAOL A 
INPUT A OUTPUT A 
SR CONTROL B 
INPUT B OUTPUT B 
SR CONTROL C 
» INPUT C OUTPUT C 
SR CONTROL D 


INPUT D OUTPUT D 


vYMY 


Am26LS30 with Mode Control LOW (RS-422) 


ENABLE B 





—~ SR CONTROL A 
— OUTPUT A 
INPUT A 
O-————____ OUTPUT B 
— SR CONTROL B 
—- SR CONTROL C 
—— OUTPUT C 
INPUT D 
— OUTPUT D 


— SR CONTROL O 





MiMi 


ENABLE C 





LINE DRIVERS AND RECEIVERS 
Am26LS31 


| FEATURES 


@ Four line drivers in one package 
Meets the requirements of EIA standard RS-422 
High output drive capability for 1000 terminated 
transmission lines 

Output short-circuit protection 
Complementary outputs 

Outputs won't load line when Voc = 0 
Output skew — 2.0ns typ. 

Input to output delay — 12ns 
Operation from single +5V supply 






CONNECTION DIAGRAM 
























LOGIC DIAGRAM 


INPUT INPUT INPUT INPUT 
D Cc 8 A 





ENABLE ENABLE 


O- C+ 





Veg OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT 
D+ c- Bt B- At A- 





Me 


Am26LS32 * Am26LS33 


FEATURES CONNECTION DIAGRAM 


® Quad differential line receivers 


@ Am26LS32 meets all the requirements of RS-422 re] 
and RS-423 INPUTS A | 

@ Input voltage range 15V on Am26LS33; 7V on Am26LS32 L 

® +0.2V sensitivity over the input voltage range on ouTPUT A [_| 
Am26LS32; +0.5V sensitivity on Am26LS33 eNaBLE [1] 


e Fail safe input/output relationship. Output always high when 
inputs are open 

e@ Three-state drive, with choice of complementary output 
enables, for receiving directly onto a data bus 

@ 6k minimum input impedance 

@ 30mV input hysteresis eno 

@ Operation from single +5V supply 





LOGIC DIAGRAM 


ENABLE ENABLE IND+ INp_ INC+ INCL. INg+ INg_ Na+ INaW 





GND Voc OUTPUT D OUTPUT C OUTPUT B OUTPUT A 


Refer to Schottky and Low-Power Schottky Data Book for complete product data. 
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Advanced Bipolar Memory 


BIPOLAR MEMORY SELECTION GUIDE 


STATIC R/W RANDOM-ACCESS MEMORIES 








Part Maximum Access - Operating Power — 

Number Organization Time (ns) Temp. Range Max. (mW) Outputs 
Am3101 16x4 60 Cc 550 Open Collector 
Am3101-1XCt 16x4 35 Cc 525 Open Collector 
Am3101-1XMt 16x 4 50 M 580 Open Collector 
Am5489-1 + 16x4 50 M 580 Open Collector 
Am7489 16x4 60 Cc 550 Open Collector 
Am7489-1 + 16x4 35 Cc 525 Open Coilector 
Am31L01AXC 16x4 55 Cc 185 Open Collector 
Am31L01AXM 16x 4 65 M 210 Open Collector 
Am27S02XC 16x4 35 Cc 550 Open Collector 
Am27S02XM 16x4 50 M 580 Open Collector 
Am27S03XC 16x 4 35 Cc 550 3-State 
Am27S03XM 16 x4 50 M 580 3-State 
Am27S02AXC 16x4 25 Cc 525 Open Collector 
Am27S02AXM 16 x4 30 M 580 Open Collector 
Am27S03AXC 16x 4 25 Cc 525 3-State 
Am27S03AXM 16x4 30 M 580 3-State 
Am27LS02XC 16x4 55 Cc 185 Open Collector 
Am27LS02XM 16 x4 65 M 210 Open Collector 
Am27LS03XC 16 x4 55 Cc 185 3-State 
Am27LS03XM 16x4 65 M 210 3-State 
Am27S06XCttT 16x4 25 Cc 525 Open Collector 
Am27S06XMtt 16x 4 30 M 580 Open Collector 
Am27S07XCtt 16x4 25 Cc 525 3-State 

-Am27S07XMtt 16x4 30 M 580 3-State 
Am27LSO6XCtt 16x4 55 Cc 185 Open Collector 
Am27LS06XMtt 16x4 65 M 210 Open Collector 
Am27LS07XCtt 16x4 55 Cc 185 3-State 
Am27LS07XMtt 16 x4 65 M 210 3-State 
Am27LSO0AXC 256 x 1 35 Cc 525 3-State 
Am27LSOOAXM 256 x 1 45 M 550 3-State 
Am27LS00XC 256 x 1 45 Cc 370 3-State 
Am27LSO0OXM 256 x 1 55 M 385 3-State 
Am27LS01AXC 256 x 1 35 Cc 525 Open Collector 
Am27LS01AXM 256 x 1 45 M 550 Open Collector 
Am27LS01XC 256 x 1 45 Cc 370 Open Collector 
Am27LS01XM 256 x 1 55 M 385 Open Collector 
Am93415XC 1024 x 1 45 Cc 815 Open Collector 
Am93425XM 1024 x 1 60 M 935 3-State 

*Am93412XC 256 x 4 45 Cc 815 Open Collector 

M 935 3-State 


*Am93422XM 256 x 4 60 


+Option of new improved Am27S02A featuring higher speed and write cycle transparency similar to Am3101 and Am7489 
ttSame as Am27S02A/03A and Am27LS02/03 respectively with non-inverting outputs 
*Available first quarter 1980 


I 


READ-ONLY MEMORIES 














Part Access Temp. Power Speradng 
Number Organization Time Range Supplies Power (mW) Outputs 
Am27S80XC 1024 x 8 175 Cc +5V 895 Open Collector 
Am27S80XM 1024 x 8 275 M +5V 935 Open Collector 
Am27881XC 1024 x 8 175 Cc +5V 895 3-State 
Am27S81XM 1024 x 8 275 M +5V 935 3-State 
Am27S82xCttt 1024 x 8 175 Cc +5V 895 Open Collector 
Am27S82XxM ttt 1024 x 8 275 M +5V 935 Open Collector 
Am27883XCttt 1024 x8 175 Cc +5V 895 3-State 
Am27S83XMit TT 1024 x 8 275 M +5V 935 3-State 





+ttSame as Am27S80 and Am27S81 with OR Enable Chip Select. 


BIPOLAR MEMORY SELECTION GUIDE 


PROGRAMMABLE READ-ONLY MEMORIES 





Part Access Temp. Power Operating Package 
Numbers Organization Time Range Supplies Power (mW) Pins Outputs 

Am27S18XC 32 x 8 40 Cc +5V 605 16 Open Collector 
Am27S18XM 32 x 8 50 M +5V 635 16 Open Coilector 
Am27S19XC 32 x 8 40 Cc +5V 605 16 3-State 

Am27S19XM 32 x8 50 M +5V 635 16 3-State 

Am27LS20XC 256 x 4 45 Cc +5V 685 16 Open Collector 
Am27LS20XM 256 x 4 60 M +5V 715 16 Open Collector 
Am27LS21XC 256 x 4 45 Cc +5V 685 16 3-State 

Am27LS21XM 256 x 4 60 M +5V 715 16 3-State 

Am27S812XC 512 x4 50 Cc +5V 685 16 Open Collector 
Am27S12XM §12x4 60 M +5V 715 16 Open Collector 
Am27813XC §12 x4 50 Cc +5V 685 16 3-State 

Am27S13XM 512 x4 60 M +5V 715 16 3-State 

Am27S15XC 512 x8 60 Cc +5V 920 24 3-State w/Latches * 
Am27S15XM 512 x8 90 M +5V 1020 24 3-State w/Latches 
Am27S25XC 512 x8 N.A.t g +5V ; 970 e4tt 3-State w/Registers 
Am27S25XM 512 x8 N.A.F M +5V 1020 24tt 3-State w/Registers 
Am27S26XC 512x8 N.A.t Cc +5V 970 22 Open Collector w/Registers 
Am27S26XM 512 x8 N.A.t M +5V 1020 22 Open Collector w/Registers 
Am27827XC 512 x8 N.A.t Cc +5V 970 22 3-State w/Registers 
Am27S27XM 512 x8 N.A.t M +5V 1020 22 3-State w/Registers 
Am27S28XC 512 x 8 55 Cc +5V 920 20 Open Collector 
Am27S28XM 512 x8 70 M +5V 965 20 Open Collector 
Am27S29XC 512 x8 55 C +5V 920 20 3-State 

Am27S29XM 512 x8 70 M +5V 965 20 3-State 

Am27S30XC 512 x8 55 C +5V 920 24 Open Collector | 
Am27S30XM 512 x8 70 M +5V 965 24 Open Collector 
Am27S31XC 512 x8 55 Cc +5V 920 24 3-State : 
Am27S31XM 512 x 8 70 M +5V 965 24 3-State 

Am27S32XC 1024 x 4 55 Cc +5V 735 18 Open Collector 
Am27S32XM 1024 x 4 70 M +5V 800 18 Open Collector 
Am27S33XC 1024 x 4 55 Cc +5V 735 18 3-State 

Am27S33XM 1024 x 4 70 M +5V 800 18 3-State 

Am2738180XC 1024 x 8 60 Cc +5V 920 24 Open Collector 
Am27S180XM 1024 x8 80 M +5V 1020 24 Open Collector 
Am27S181XC 1024 x 8 60 Cc +5V 920 24 3-State 

Am278181XM 1024 x 8 80 M +5V 1020 24 3-State 
*Am27S184XC 2048 x 4 55 Cc +5V 630 18 Open Collector 
*Am27S184XM 2048 x 4 70 M +5V 715 18 Open Collector 
*Am278185XC 2048 x 4 55 Cc +5V 630 18 3-State 
*Am273185XM 2048 x 4 70 M +5V 715 18 3-State 





tNormal Access time not applicable — this product contains built-in pipeline registers — nominal address to clock set-up time 40ns, clock to output 15ns. 
ttSlimline 300 mil pin centers. 
*Available second quarter 1980. 


Am27LS00/Am27LS01 


Low-Power Schottky 256-Bit Random Access Memories 





Distinctive Characteristics 
@ Fully decoded 256-bit TTL RAMs. 
Plug-in replacements for 74200. IM5503/5523, 93411/21 


Pin compatible with MM6530/31, 3106/7, 82S06, 745201 


Open collector (Am27LS01) and three-state (Am27LS00) 
High speed operation: 

35ns typical access time 

45ns guaranteed (0°C to +75°C) 

55ns guaranteed (—55°C to +125°C) 
Very low power dissipation 

275mW typical 

70mA maximum tcc 


Full military temperature range performance. 
100% tested to GALPAT at —55°C and +125°C 
10% power supply tolerance 
Internal ECL circuitry 
Uniform access times over voltage and temperature 
variations. 


Tested to GALPAT. 
Functional and switching characteristics are guaranteed 
for all data and address patterns. 





FUNCTIONAL DESCRIPTION 


The Am27LSO0 and Am27LS01 are fully decoded bipolar random 
access memories for use in high-speed buffer memories and as a replace- 
ment for high-speed core memories in digital systems. The memories are 
organized 256-words by 1-bit with an 8-bit binary address field and 
separate data in and data output lines. The memories have three active 
LOW chip select inputs and a three-state output (Am27LSO00) or open- 
collector output (Am27LS01). All inputs are buffered to present an 
input load of only 0.5 TTL unit loads. 


Read/write operation is controlled by an active LOW write enable 
input. When the write enable is LOW and the chip is selected the data 
on the data input is written into the location specified by the address 
inputs. During this operation the output floats allowing the data bus to 
be used by other memories or open-collector logic elements that are 
tied to the inverting data output. Reading is accomplished by having 
the chip selected and the write enable input HIGH. Data stored in the 
location specified by the address inputs is read out and appears on the 
data output inverted. 


The chip is selected by three active LOW inputs all of which must be 
LOW in order for the data output to be active during the read operation 
and for data to be written into or from the memory. These three active 
LOW chip select inputs permit the Am9301 or Am54LS/74LS138 
MSI decoders to select memories in either a linear select, two or three 
dimensional mode of operation when large memory systems are being 
built. The delay from the chip select to the output is considerably. faster 
than from the address inputs and extra delay can be tolerated in the 
chip select path without affecting system performance. 


LOGIC DIAGRAM 


A c 
1 wi 16 X 16 
Q ARRAY OF 
hi MEMORY CELLS 





SENSE/WRITE 
INTERFACE 





Ag Ag Ag 
ORDERING INFORMATION 
Three-State Output 
Molded DIP 0°C to +75°C AM27LSOOPC 
Hermetic DIP 0°C to +75°C AM27LSO0DC 
Hermetic ‘DIP —55°C to +125°C AM27LSOODM 
Flat Pack —55°C to +125°C AM27LSO0FM 
Qpen Collector Output 
Molded DIP 0°C to +75°C AM27LS01PC 
Hermetic DIP 0°C to +75°C AM27LS01DC 
Hermetic DIP —55°C to +125°C AM27LS01DM 
Flat Pack —55°C to +125°C AM27LS01FM 







al 


Az 
BPM-056 
CONNECTION DIAGRAM LOGIC SYMBOL 
Top View 
Vcc A2 AZ. DI WE Az Ag Ag 21151479 1011 








oo Ay Az Ag Ag Ag AgA7 


Am27L800/01 
RAM Do 
256W X BIT 


cS CS CS DO Aq GND 


Vcc = Pin 16 


Note: Pin 1 is marked for orientation. GND = Pin 8 


BPM-057 
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Am27LS00/Am27LS01 
MAXIMUM RATINGS (Above which the useful life may be impaired) 























Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias 58 to +125°C 
Supply Voltage » to Ground. Potential (Pin 16 to Pin 8) Continuous _ - 0.5 Vito +7V 
DC : Voltage Applied to Outputs | for High Output § State a OO =? Oe _ 0.5 V te to AN max 
DC Input Voltage eo ee 0.5 VIO +V ec 
Output Current, into Outputs —_ : i. . -—— ee _ 30 mA 
DC Input Current ie aeeeaiar ail —— —30mA to +50mA 





OPERATING RANGE 


Ambient Operating Power Supply 
Temperature Voltage 


Part No. 





Am27LSOODC, PC 
, oO + ° 
Am27LS01DC, PC O°C to +75°C 4.75 V to 5.25 V 


—55°C to +#125°C 4.50 V to 5.50 V 





Am27LSO0DM, EM 
Am27LS01DM, FM 


ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 


















































Typ. 
Parameters Description 7 Test Conditions Min. eae Max. Units 
Won Output HIGH Voltage Voc = MIN., IoH = —2.0 mA (MIL Range) 
(Am27LS00 Only) _Vin = Vin or Vit, loH = —2.6 mA (COM'L Range) _ 
Vor _| Output LOW Voltage | Vcc = MIN. Io, = 16.0 mA, Vin = Vin oF ViL 
“Vy ieee Input HIGH | Level pane eneaiscsanca | logical HIGH ‘voltage. for all inputs” 
“My “Input LOW Level =—ti(i‘«*CS "Guaranteed input logical LOW) voltage 1 for all | inputs 
“tt [| Input LOW Current ———s—=~«@Ss“‘i«‘ = MAX, VQ =O <n e 
“Und Input HIGH Current _Vec = =MAX., VIN = 2.7V 
a) Maceocen vie Vee = AS Aline Ge ak SE ettie: oe =a ite, 
ILK Output Leakage Current Voc = MAX., CS = 2.4 V, V VouT = 24 V 
Vcc = MAX., CS = 2.4 V, Vout = 0.4 V 
Isc Output Short Circuit t Current Ve: =MAX., Vout = 00V —_ 
“icc __ | Power Supply Current ee ae ee we ea 
i Veo = WIN ti = 18 ma 





Note 1. Typical Limits are at Voc = 5.0 V, 25°C ambient and maximum loading. 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 




















































































































































Ta = Ta = 
Ta= 0°C to —55°C 
25°C 75°C to 125°C 
Parameters Description Typ. Min. Max. Min. Max. Units 
t A) 
-- LHI — Delay from Address to Output 
—tpHLIA) 7 ee Tee eee aa 7 
‘tpzH(CS) : ; 
Delay from Chip Select to Active Output and Correct Data 5 30 ns 
[4 tpz_(Cs) pi ee Oe 2 - Re Ne 
teHz(CS) Delay from Chip Select to Inactive Output 5 30 ns 
Pn ive Outpu ; 
~ tpzi€S) y a p : ses Fig. 2 | - 
trec(WE) "Delay from Write Enable (HIGH) to Correct Output Data See Fig. 1 55 ns 
L. ease Ercictilan zs 7 | i Seen ake 4 
tpZH (WE) 4 : : | 
———____— Delay from Write Enable (HIGH) to Active Output See Fig. 1 5 ns 
_tpz_(WE) pers sreestunt thant oes alle Arias 23 
[ tpiz(WE) : . 
es Delay from Write Enable (LOW) to Inactive Output See Fig. 1 40 ns 
_tpLz(WE) - seh ee aes Ae ; ae Jos Nie cee: 
tg(A) Set- “up Time Address - ; 5 : ns 
tph(A) : Hold Time Address oe ae ; 0] 5 ns a 
t(DI) Set-up Time Data Input See Fig. 1 35 | | ns 
“thiDD) Hold Time Data Input - a ' ‘See Fig. 1 0 : 7 ns 
tow (WE) Write Enable Pulse Width See Fig. 1 ns 
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Am27LS00/Am27LS01 


Am27LS00/Am27LS01 LOADING RULES 
(In Low Power Schottky Unit Loads) 

























Am27LS00/Am27LS01 LOADING RULES 
(In TTL Unit Loads) 















































































































Fan-out Fan-out 
Input Output Output Input Output Output 
Input/Output Pin No.’s Unit Load HIGH LOW Input/Output Pin No.’s Unit Load HIGH LOW 
Ay 1 0.5 _ = Ay 1 a2 ee a 
Ag 2 0.5 = 2 An a ge ae 
cs 7 3 0.5 = = cs 3 29 ier 
cs 4 05 - = cs ; 4 a3 a ee ean 
c 5 0.5 - a cs 5 “2.2 or => 
DO (Note) 6 = 50/65 10 DO (Note) 6 490/130 44 
A, 7 0.5 a = he 7 bes see, eS 
GND 8 = = - GND 8 ee dhs Fe i 
As 9 Os = —- As “3S 22 ee ae a 
Ag 10 0.5 Re 10 rapa = = 
, "1 0.5 . A, 1 32 aoe < Wh ree 
12 0.5 WE 2 22 ae at 
DI 30” 05 oS aes - on... 3..~~:*~“‘«~CSC~S a ee 
A3 14 a aia Ag 7 14 oo a et es, 
fee 15 05 = —. Ae. 15. 22 ee e.g 
Mee io. wae ete ages “Wen Age —* ane ate 











Note: Am27LS01 has open collector output. 
A Standard TTL Unit Load is defined as 40uA measured at 2.4V HIGH 


and —1.6mA measured at 0.4V LOW. 


Note: Am27LS01 has open collector output. 
A Low Power Schottky TTL Unit Load is defined as 20uA measured at 
2.7V HIGH and —0.36mA measured at 0.4V LOW. 























INPUT/OUTPUT CURRENT TRUTH TABLE - 
INTERFACE CONDITIONS a * Se 
____ Inputs (Output, Mode 
DRIVING OUTPUT DRIVEN INPUT cs WE DI DO(t,,4)) 
H Xx x OFF No Selection 
L L L OFF Write ‘0’ 
L L H OFF Write ‘1’ 
L H. xX Di(t,) 


Read 





i 


H HIGH Voltage Level 

L LOW Voltage Level 

X = Don't Care 

OFF = Floating output level is determined by external 
circuitry connected to the output. 


Note: Actual current flow direction shown, 


BPM-058 
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Am27LS00/Am27LS01 






SWITCHING WAVEFORMS 






KEY TO TIMING DIAGRAM 

ogg TTY [now eo 
th(A} MAX TS 

| 

i 

TO | 


ts(A) MAX tpw(WE) MIN 










MUST BE WILL BE 


HT} STEADY STEADY 
i 


WILL BE 
MAY CHANGE CHANGING 


a \\\\\\\ FROMHTOL = FROM H TOL 


a 








th(DI} MAX 
MAY CHANGE _—WILL BE 
VVVVVVVVUV VU WVU FROMLTOH CHANGING 
AAAAAAAAAK AAA AAAAAA RA RAAXAA RAK AAA KAAAAAAAAA Pees 
si Ba a A ea le GON TeARs: —cxancins 
DO AVY ee LLL L NV VV PERMITTED UNKNOWN 
Nipper (ELLE a: NAV \ 
tp_z(WE) MAX tpz,_ (WE) MAX se ead CENTER ve 
BPM-059 APPLY IMPEDANCE 







“OFF’ STATE 











Write Cycle Timing. The cycle is initiated by an address change. After t, (A) max, the write enable may 
begin. The chip select must also be LOW for writing. Following the write pulse, t, (A) max must be allowed 
before the address may be changed again. The output will be inactive (floating for the Am27LS00) while the 
write enable is LOW. Ordinarily, the chip select should be LOW during the entire write pulse. 









Figure 1 


ADDRESS 


Ag_7 ADDRESS j ADDRESS k ADDRESS | —— 









cs eT, 
a tprz(CS) : 
tpzy(CB) MAX tpyp (Al MAX ae fez (CS) tel yA) MAX 





MAX 
~ MIN MIN MIN 


on — “TH __ TTT 1 MT | 









se ee 
OUTPUT READ A HIGH READ A LOW iN DISABLE ENABLE READ A HIGH 
DISABLED IN ADDRESS j ADORESS k OUTPUT OUTPUT IN ADDRESS | 








Switching delays from address and chip select inputs to the data output. For the Am27LS00 disabled output 
is “OFF,” represented by a single center line. For the Am27LS01, a disabled output is HIGH. 






Figure 2 
BPM-060 






TEST LOAD 






TEST POINT $s 






FROM 
OUTPUT 











Note: All measurements at 1.5V BPM-061 





S is closed for all tests except for Am27LS00 tests in which the output switches between an active HIGH level 
and a HIGH impedance state. 





OUTPUT LOADING RULES 


The Am27LSO01 has an open collector output. The outputs 
of several memories may be tied together and the common 
line connected through a pull-up resistor to Vcc. The com- 
mon line will go LOW if and only if one of the Am27LS01 
outputs connected to it goes LOW, i.e., is enabled and 
reading a LOW. The HIGH state is established by the pull- 
up resistor. The value of the resistor is limited by two 
equations: 


Vec (max) —0.4 
16 —i (1.6) 


i= number of TTL inputs 


Rimin) = driven 


DEFINITIONS OF TERMS 


SUBSCRIPT TERMS: 

H HIGH, applying to a HIGH-signal level or when used with 
Vec to indicate high Vcc value. 

| Input. 

L LOW, applying to a LOW signal level or when used with Vcc 
to indicate low Vcc value. 


O Output. 
X Unknown or don’t care state 


‘Z OFF, applying to the third high impedance state of the 
output. 


FUNCTIONAL TERMS: 

Three State A three state output can exist in three possible 
states: output LOW sinking current, output HIGH sourcing 
current, and output floating where the output level is deter- 
mined by external circuitry connected to the output. This 
three state output allows AND tying of memory outputs for 
‘memory expansion and still keeps the inherent high speed of 
active pull-up circuitry. 

Fully Decoded In a fully decoded memory every possible 
address combination of logic HIGH’s and LOW’s uniquely 
selects a memory word. This form of decoding requires no 
additional special purpose decoders for system operation and 
is the most efficient in terms of address inputs required and 
overall system speed. 

Fan-Out The logic HIGH or LOW output drive capability in 
terms of Input Unit Loads. 


input Unit Load One TAL gate input load. 


SWITCHING TERMS: (All switching times are measured at the 
1.5 V logic level). 

tex The delay from a logic level change at an input to a 
HIGH level on an output. 
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Am27LS00/Am27LS01 


n = number of Am27LS01 
outputs connected 
together 


Vcc (min) —2,4 
0.03n + 0.04; 


R(max) = 


For highest speed, use the minimum R; for lowest power, 
use the maximum R. 


The Am27LS00 has active circuitry to establish both the 
HIGH and LOW logic levels and requires no pull-up resistor. 
Up to 64 Am27LS00 outputs can be connected together. 


tpx_ The delay from a logic level change at an input to a 
LOW Jevel on an output. 

tpxz The delay from a logic level change at an input to a 
high impedance state on a three state output. Measured with a 
resistor pull-down or pull-up. 

tpxx(A) The delay from an address input to the memory 
output. 

tex (CS) The delay from a chip select input to the memory 
output. 

tpxz (WE) The delay from a HIGH-to-LOW transition on the 
write enable to a high impedance level on the memory output. 
tpzx (WE) The delay from a LOW-to-HIGH transition on the 
write enable to an active level on the memory output. 

tow (WE) The shortest LOW pulse on the write enable input 
which is guaranteed to cause the memory to write. Pulses 
shorter than tpw(WE) min. may or may not cause a write 
to occur. 


t,(A) The set-up time of the address inputs relative to the 
HIGH-to-LOW edge of the write pulse. This is the time required 
for internal address decoding to settle. To avoid writing in 
spurious addresses, a stable address shouid be applied to the 
address inputs at least t,(A) max. before the write pulse begins. 
th(A) The address hold time. This parameter is similar to ts(A) 
but is measured relative to the end of the write pulse rather 
than the beginning. A stable address should be maintained on 
the address inputs for t,(A) max. after the write pulse has 
ended in order to prevent writing in spurious addresses. 

t,(DI) Data set-up time. The time prior to the end of the write 
pulse during which data must be stable to be correctly written 
into the memory. 

t,(DI) Data hold time. The time following the end of the write 
pulse during which data must not be changed. 





Am27LS00/Am27LS01 


ADDRESS 


Ag ————_________—A1g 


AoA Az Ag Ag Ag Ag Az 
Cc 


Am27LS00 
ol RAM 00 


oe 
7 
L is 
Am27LS00 
DI RAM 00 f 
Ol WE 


WRITE ENABLE 
DATA IN 

















APPLICATION 


STROBE 


Ay AQ 










Am74LS138 
1-0F 8 DECODER 


















Ag Ay Ag Ag Ag Ag AG AZ 
Cs 








Ag Ay Az Ag Ag Ag Ag Ay 
Cs 


Am27LS00 Am27LS00 
of RAM foye) ol RAM po fo 
256W X 1 BIT 256W X 1 BIT 












Cs 
















Am27LS00 Am27LS00 Am27LS00 
RAM ple) ol RAM 00 RAM po 
256W X 1 BIT 256W X 1 BIT 256W X 1 BIT 








DATA OUT 


G= LOW 
2048 WORD x 1-BIT MEMORY 


Metallization and Pad Layout 





Ao Vcc 
cs A2 
ae A 
fois} : 
DI 
WE 
tos Ay 
Bo Ag 
Aa AS 
GND 


DIE SIZE : 0.084” x 0.121” 


5-6 


BPM-062 


Am27S02 - 27S03 


64-Bit Random Access Memory 








Distinctive Characteristics 
@ Fully decoded 16-word x 4-bit Schottky technology @ Pin compatible high speed replacement for 3101, 


high-speed RAM. 93403, and 7489 (use Am27S02) and for DM 75/8599 
@ Access time typically 22ns. (use Am27803). 
@ Available with three-state outputs (Am27S03) or @ 100% reliability assurance testing in compliance with 
with open collector outputs (Am27S02). MIL-STD-883. 
















FUNCTIONAL DESCRIPTION LOGIC SYMBOL 


The Am27S02(Am3101A) and Am27S03 are 64-bit RAMs built 
using Schottky diode clamped transistors and are ideal for use in 
scratch pad and high-speed buffer memory applications. Each 
memory is organized as a fully decoded 16-word memory of 4 bits 
per word. Easy memory expansion is provided by an active LOW 
chip select (CS) input and open collector OR tieable outputs 
(Am3101A/Am27S02) or three-state outputs (Am27S03).Chip se- 
lection for large memory systems can be controlled by active LOW 1 
output decoders such as the Am9301 and Am9311. 15 


An active LOW Write line WE controls the writing/reading operation 
of the memory. When the chip select and write lines are LOW the 
information on the four data inputs Dg to Dg is written into the 
addressed memory word. 

Reading is performed with the chip select line LOW and the write By Oh Be 
line HIGH. The information stored in the addressed word is read 

out on the four inverting outputs Og to Og. 










Do D1 Dg D3 
Am27S02/Am27S03 
RAM 


16W x 4B 






Og 0; O02 03 





During the writing operation or when the chip select line is HIGH Voc = Pin 16 
the four outputs of the memory go to an inactive high impedance GND = Pin8 
state. 
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LE 


LOGIC BLOCK DIAGRAM 













16 x AMATRIX 
OF STORAGE CELLS 


NON-OVERLAPPING 
ROW DECODER 
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ORDERING INFORMATION CONNECTION DIAGRAM 
Top View 


Open Collector Outputs 


Package Temperature Order 
Type Range ’ Number 


Molded DIP O°C to 75°C AM27S02PC or P3101A 
Hermetic DIP 0°C to 75°C AM27S02DC or C3101A 
Hermetic DIP —55°C to +125°C AM27S02DM 

Hermetic Flat Pak —58°C to +125°C AM27S02FM 








Three-State Outputs 








Molded DIP O°C to +75°C AM27S03PC 
Hermetic DIP O°C to +75°C AM27S03DC 
Hermetic: DIP —5S°C to +125°C AM27S03DM 

Hermetic Flat Pak —55°C to +125°C AM27S03FM Note: Pin 1 is marked for orientation. 
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Am27S02 » Am27S03 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 























Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) ; —0.5V to +7V 
DC Voltage Applied to Outputs for High Output State : —0.5V to +Vec max. 
DC Input Voltage i aan — : —0.5V to +5.5V 
Output Current, Into Outputs ws —_ ae 100mA 
DC Input Current : ; ; ee —30mA to +5.0mA 





ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am27S802XC, Am27S03XC Ta =0°C to +75°C Voc = 5.0V +5% 
Am27S02XM, Am27S03XM Ta = —55°C to +125°C Vec = 5.0V £10% Typ 
Parameters Description Test Conditions Min. (Note 1) Max. Units 





















VOH 
(Am27803 only) 


Vcc =MIN., Igy = —0.8mA 
VIN = Vin oF Vib 
Vec =MIN., lon = 16mA 
Vin = Vin Or Vit Fig, =20mA 
Guaranteed input logical HIGH 
voltage for all inputs 
Guaranteed input logical LOW 
voltage for all inputs 
Voo=MAX., | WE, D9-D3, Ag—3 
Vin = 0.45V cs 
Voc = MAX., Vin = 2.4V 






Output HIGH Voltage 




















VOL Output.LOW Voltage 


















"Vin Input HIGH Level 












Input LOW Level 


















Input LOW Current 










Input HIGH Current 


Output Short Circuit Current 









Vcc = MAX., Vout = 0.0V 





a 























All inputs = GND Am27S02 
loc Power Supply Current 
ie Vec = MAX. Am27S03 
Vc Input Clamp Voltage Vcc = MIN,, In = —5.0mA 
VES = Vin or VWE = ViL | Am27S02 













Vout = 2.4V Am27S803 
VCS = Vin or VE = VIL 
VouT = 0.4V, Vcc = MAX. 





Output Leakage Current 











(Am27S03) 













Note 1. Typical limits are at Voc = 5.0V and Ty = 25°C 


SWITCHING CHARACTERISTICS AND OPERATING REQUIREMENTS 


Parameters Description Test Conditions Typ. Min. Max. Units 
Delay Chip Select to Output Am27S02 


HIGH or LOW = Am27S03 


Delay Chip Select HIGH to 

Output OFF 

Delay Address to Output HIGH 

Delay Address to Output LOW __ 
trec(WE) Write Recovery Time 























Vcc = 5.0V, CL = 30 pF, R_ = 3002 Vc¢ 











*tow (WE) Write Pulse Width eng 








6002 to GND (16mA Load) 


~ *t5(D) Data Set-up Time 
- measure at 1.5V 


7 *th(D) Data Hold Time 
*t.(A) Address Set-up Time 

; *thlA) Address Hold Time 
tog+ (WE) Delay WE HIGH to Output Active 
todz(WE) Delay WE LOW to Output OFF 









































*System requirement, Parameters preceeded by an asterisk are specified as system forcing requirements rather than device characteristics, In general, min- 
imum system requirements result from maximum device characteristics, Typical values are not meaningful for system requirements. 





DEFINITION OF TERMS 


FUNCTIONAL TERMS 

cs Active LOW chip select input. When the chip select is 
LOW data can be read from or written into the memory. 

Dj; The data inputs of the memory. i= 1— 4 

OQ; The data outputs of the memory, i = 1— 4 

Oj(tnh) The state of output i at time n. 


Dj(tp—x) The state of the Dj input at time tp, where 
tn— is the time of the last write operation into a given address. 


WE Active LOW Write: Enable. When the write enable is LOW, 


data on the data inputs is written into the addressed memory | 


location. When WE is HIGH data is read from the addressed 
location and appears, inverted, atthe O outputs. 
UNIT LOAD A TTL input unit load is defined as —1.6mA at 
0.4V (LOW state) and 40uA at 2.4V (HIGH state). 


SWITCHING TERMS © 

tpdi(CS) The delay from the chip select input going LOW.to 
the output going active. ~~ ix 
tpdz(CS) The delay from the chip select going HIGH to the 
output assuming an inactive high impedance level. 

tod+(A) The delay from a change on the address inputs to a 
correct HIGH (tpd+) or LOW (tpg—) level on the outputs. 
Access time. 

trec(WE) Write recovery time. The delay from a LOW-to- 
HIGH transition on the write enable to the correct data on the 
outputs of the memory. This is the time required between the 





Am27S02 ¢ Am27S03 


end of the write operation and a read operation in the 
same address. 

* tow (WE) Minimum write pulse width. The LOW time on the 
write enable input required to cause a write. 


*t (D),*th(D) Data set-up and hold times. The time, relative to 
the end of the write pulse (LOW-to-HIGH edge) after which 
the data on the data inputs will not be written into the mem- 
ory. To ensure writing the correct data, the data must be 
present before *ts(D) min. and must remain until after 

*th(D) min. 

*t,(A) Address set-up time. The time prior to the start of the 
write pulse (HIGH-to-LOW edge) at which the correct write 
address must be on the address inputs. An address change later 
than *ts(A) max. may cause writing in two addresses. 

* t,(A) Address hold time. The time following the end of the 
write pulse (LOW-to-HIGH transition) at which a new address 
may be applied. An address change earlier than *ty(A) min. 
may cause writing into two addresses. 
todt (WE) The delay from a LOW-to-HIGH transition of the 
write enable to an active (but not necessarily correct) state on 
the data outputs. The correct state will be present after the 
write recovery time has elapsed. 
tpdo (WE) The delay from a HIGH-to-LOW transition on the 
write enable to a high impedance level on the data outputs, if 
the chip is selected. 


*System requirement, Parameters preceeded by an asterisk are speci- 
fied as system forcing requirements rather than device characteristics, 
In general, minimum system requirements result from maximum de- 
vice characteristics. Typical values are not meaningful for system 
requirements, 
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SWITCHING WAVEFORMS 


oe CR 111.5) 


KEY TO TIMING DIAGRAM 










WAVEFORM INPUTS OUTPUTS 

































































—— “ty (A) 
cs MUST BE WILL BE 
‘i MA | morse wut 
*t.(A) *tow(WE) 
: ANN A\\\\ coc 
*ty(D) 
TOV VVVIAAARARAATAAAIAAAAY ——— TT FROM LTO H CHANGING 
NAA Ss AAAAAAMAAKA | AMAAMAXXXXXXXY 
li ac en De Wi Se sees 
Oo tpax(WE) MIN: LELELLV VV VV PERMITTED UNKNOWN 
siicias UV cuore 
WHE DOES NOT LINE IS HIGH 
APPLY IMPEDANCE 
BPM-066 “OFF STATE 






Write Cycle Timing. The cycle is initiated by an address change. After *to(A) min., the write enable may 
begin. The chip select must also be LOW for writing. Following the write pulse, *tH(A) min. must be 
allowed before the address may be changed again. The output will be inactive (floating for the Am27S03) 
while the -write enable is LOW. The three parameters ts(A), th(A) and topw(WE) apply to the condition 


CS LOW AND WE LOW. 


tpdz(CS) 
dani 2 ee | —-MAX — 















ADDRESS 
A0-3 




















ADDRESS j ——- 





ADDRESS | 



















OUTPUT READ A HIGH READ A LOW iN DISABLE ENABLE READ A HIGH 
DISABLED IN ADDRESS j ADDRESS k OUTPUT OUTPUT IN ADORESS | 





Switching delays from address and chip select inputs to the data output. For the Am27S03 disabled output 
is “OFF’’, represented by a single center line. For the Am27S02, a disabled output is HIGH. 





BPM-067 





INPUT/OUTPUT INTERFACE CONDITIONS 







Voltage Interface Conditions — LOW & HIGH 






| MINIMUM LOGIC 
~ “HIGH OUTPUT 
VOLTAGE 







2.0 -- 
NOISE 







MINIMUM LOGIC 












IMMUNITY "HIGH" INPUT Vou 
1.6 {High levet) VOLTAGE Seen FET 
14 Vou, 
1.2 
uo ity ORIVING DRIVEN 
9.8 F MAXIMUM LOGIC DEVICE DEVICE 






MAXIMUM LOGIC 
“LOW” INPUT 
VOLTAGE 






“LOW OUTPUT 
VOLTAGE 









OUTPUT/INPUT VOLTAGE LEVELS - VOLTS 






IMMUNITY 
{Low level} 


DRIVING DEVICE DRIVEN DEVICE 











Current Conditions — HIGH State Currents Conditions — OFF State - Current Conditions — LOW State 


OUTPUT INPUT 
Vcc | Vec Vcc 


'OH | 


ON | 


OFF Ny 


“OUTPUT INPUT 






Vec 





—- Voc 







"ie 








OFF 








Note: Am27S02 is open collector 
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USER NOTES Am3101A LOADING RULES (In TTL Loads) 
. The Am27S03 output has active circuitry for both logic levels Output Drive 
and requires no external pull-up resistor, Input (Am27S03) 
. For a good DC noise margin with the Am3101A/27S02 a pull-up Input/Output Pin No.’s Loading HIGH LOW 
resistor can be used. Limits of R in kQ are given by nn 
Vee -Vou required Vec-Vo required Ao 1 i¢ a ae 
oe a ee cs 2 16 = ie 
nicex + Nlin oL-Nut Sree tind ete pak 
Where n is number of OR tied outputs WE : he a ae 
N is the number of TTL units loads driven. Do 4 16 = ss 
. Address and data lines can be interchanged within their respec- = 00 5 = 20 : 10 
tive groups for ease of P. C. layout without effecting device _— a 
operation. D, 6 -16 a = 
. Since for a given pattern on the address lines reading and writing ro} 7 a rs 20 — 10. ~ 
are performed on the same actual memory word, the address 1 a ats 
lines can be driven by any mixture of assertion or negation of GND 8 = ae = 
the variables making up the address field. = - ~ 
O02 9 - 20 10 
D2 10 16 _ - 
03 11 = 20 10 
D3 12 16 — _ 
A3 13 16 _ _ 
A2 14 16 _ - 
AY 15 16 _ _ 
Vcc 16 - _ _ 





A TTL unit load is —1.6mA at 0.4V and 40uA at 2.0V. 
The Am27S02 has open collector outputs; the output drive in the 
HIGH state is determined by an external pull-up resistor. 











-BASIC MEMORY CELL TRUTH TABLE 
INPUTS OUTPUTS MODE 
DATA ‘1’ DATA ‘0’ cS WE Dj Oj(ty) 
| | H L L Off No Selection 
| | H L H Off No Selection 
WORD LINE — om H H x Off No Selection 
L L L Off Write ‘0’ 
L L H Off Write ‘1’ 
L H Xx Dj(th_x) Read 


H = HIGH Voltage Level 
L = LOW Voltage Level 
OFF = HIGH Impedance 


Note: The Am27S02 output is at a high impedance level 
at all times except when reading a LOW. 


| | 
| | 


TO SENSE 
AMPLIFIER 
AND OUTPUT 
BUFFER 


BPM-069 
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Am27S02 e Am27S03 


A5 
Ag 
A3 


Aj 
Ao 


Am3101A/27S02/27S03 APPLICATION 


DATA INPUTS 


eos 
ADORESS ENABLE READAWRITE CONTROL Do Dy D2 D3 


AY A2 


Am9301 
1/10 DECODER 














Am27S02/3 Am27S802/3 Am27S802/3 Am27S802/3 
RAM RAM M M 


RAI 
16W x 4B 












RA! 
16W x 4B 





































Am27802/3 
RAM 
16W x 4B 


Am27S02/3 Am27S02/3 Am27S02/3 
RAM RAM RAM 
16W x 4B 16W x 4B 16W x 4B 









Am3101A/27S02 ONLY 


128 WORD x 4-BIT MEMORY 


BPM-070 
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an 
a 16W'x 48 16W x 48 
| 0; 02 03 Op 01 02 03 D. 
OUTPUTS 
LT | 
|| 


ATA 

03 
02 
oy 
Oo 
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Non-inverting Schottky 64-Bit Random Access Memories 



















































DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 


@ Fully decoded 16-word x 4-bit Low-power Schottky RAMs The Am27S06 and Am27S07 are 64-bit RAMs built using Schottky 


. : ‘ . diode clamped transistors in conjunction with internal ECL circuitry 
® rf . 

Ultra high speed: Address access time typically 15ns and are idea! for use in scratch pad and high-speed buffer memory appli- 
@ Low Power: !cc typically 75mA 
e 


cations. Each memory is organized as a fully decoded 16-word memory 

Internal ECL circuitry for optimum speed/power perfor- of 4 bits per word, Easy memory expansion is provided by an active 

mance over voltage and temperature LOW chip select (CS) input and open collector OR tieable outputs 

Output preconditioned during write to eliminate write (Am27S06) or three-state outputs (Am27S07). Chip selection for large 
: \ , memory systems can be controlled by active LOW output decoders 

recovery glitch : such as the Am74S138. 

Available with three-state outputs (Am27S07) or with Open An active LOW Write line WE controls the writing/reading operation of 


collector outputs (Am27S06) the memory. When the chip select and write lines are LOW the infor- 

100% reliability assurance testing in compliance with mation on the four data inputs Dg to D3 is written into the addressed 

MIL-STD-883 memory word and preconditions the output circuitry so that true data 

Electrically tested and optically inspected die for the is present at the outputs when the write cycle is complete. This pre- 

assemblers of hybrid products conditioning operation insures minimum write recovery times by elim- 
inating the ‘write recovery glitch”. 


Reading is performed with the chip select line LOW and the write line 
LOGIC BLOCK DIAGRAM HIGH. The information stored in the addressed word is read out on the 
four non-inverting outputs Og to 03. 


During the writing operation or when the chip select tine is HIGH the 
four outputs of the memory go to an inactive high impedance state. 





LOGIC SYMBOL 


OUTPUT WRITE/ 
ENABLE DATA 
ENABLE 


Dp Dy Dy Dg 







Am27S806 # Am27S07 
RAM 






16W x 4B 





O % 





02 





O3 





x 
a 


ORDERING INFORMATION 


16 x 4 MEMORY ARRAY 
SENSE/WRITE INTERFACE 


Vec = Pin 16 
GND = Pin8 





MPR-239 CONNECTION DIAGRAM 
Top View 


Open Collector Outputs 
Package Temperature Order ‘La 


Type Range Number as 


Molded DIP 0°C to +75°C AM27SO06APC me 
Hermetic DIP 0°C to +75°C AM27S06ADC 
Hermetic DIP —55°Cto+125°C AM27SO6ADM 

Hermetic Flat Pak —55°C to +125°C AM27SO6AFM °o 


Three-State Outputs Oy 


Molded DIP 0°C to +75°C AM27S07APC GND 
Hermetic DIP 0°C to +75°C AM27S07ADC 
Hermetic DIP —55°C to +125°C AM27SO07ADM 

Hermetic Flat Pak —55°C to+125°C AM27SO7AFM Nites Pina da marked del ecisneuaa: 





MPR-241 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 





Temperature (Ambient) Under Bias 


Supply Voltage to ) Ground | Potential (Pin 16 to Pin 8) 
DC Voltage Applied to Outputs: for ‘High Output State 





DC Input Voltage 





Output Current, Into Outputs | 7 





DC Input Current 


OPERATING RANGE 
Part No. 


Commercial Grade 
Am27S06APC, DC 
Am27S07APC, DC 


0°C to +75°C 


i ne rr 


Ambient Temperature 





Military Grade 
Am27S06ADM, FM 
Am27S07ADM, FM 


5.0V +10% 


—55°C to +125°C 





—65° Cto +150° Cc 





55° °C to +125°C 


26: 5V to +7V 





_-0.5V to Vcc max. 


-0. SV to +5.5V 





100mA 





ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 
































- —30mA to +5.0mMA 





































































































D.C. Typ. 
Parameters Description Test Conditions Min. (Note 1) Max. Units 
fs eG eo Ge ae ey a8 oe os Fl 
Vv Vcc = MIN, | =—5.2mA | COM'L 
(Am: Output HIGH Voltage ce Ss RO lie Lad bs ae Volts 
m27S07 Only) Vin = Vin or Vit | lo = —2.0mA | MIL 
eed pe eats any Es ea wilt ges F te Se 
VoL Output LOW Voltage cc” eee — Volts 
| ; VIN = VjH oF VIL Jou = 20mA_ ; 3 
ree ute coe " Guaranteed input logical nen 
Vin input HIGH Level aeedacts Volts 
voltage for all inputs - | el lee _ 7 
Guaranteed input fo ical LOW 
ViL Input LOW Level eee 08 | Volts 
| Bees Gee _____| voltage for all inputs spat eh ns ia as omen 
a Vcc = MAX., WE, Do-D3, Ag-A3 A —0.015 | .250 
! WwW oa mA 
IL | Input LOW Current Vin = 0.40V_ |r: —0.030 250 coe 
tH | Input HIGH Current ~ Veo = MAX,, Vin = 2.4V ] 0.0 10 uA 
ns A Eat saute ml . Sane et arneeCA Me | 
Isc oO ircui = 
tput Short Circuit Current Vv MAX., V °0.0V —20 —45 90 mA 
(Am29701 Only) ee eee aes | cc” oer ee een | 
RE Se | All inputs = GND ~COM’L 75 100 ee 
u u t e 2 
pwoee Pie unernege Vcc = MAX. MIL 75 105 : 
| Vo. : “Input Clamp Voltage _ Voc = MIN., N= —18mMA 7 | -0.850 =1.2 | Volts 
ri | ie —_ “Veg = Vy Vwe = V tlt o 
CS re Ee Am29700/01 0 40 uA 
VOUT = 2. 4V 
| ICEX Output Leakage Current ea ee ae So t 
cS = Vin oF VE = VIL Am29701 40 0 uA 
Vout = 0.4V, Vcc = MAX. 
Note 1. Typical limits are at Vcc = 5.0V and Ta = 25°C. 


FUNCTION TABLE 


































Input 
P | ; Data Output Status 

4 Function O 

CE WE ”s 
ieepaeen ete rearerel Ceectinen eon me eae ee pena rer 
Low Low Write Output Disabled 
Low High Read 4 Selected Word 

High ee Deselect Output and Write Disabled 
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SWITCHING CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 
A.C. Typ. COM'L MIL 
Parameters Description Test Conditions (Note 1) Min. Max. Min. Max. Units 





































































Termination of Write) 


tph(DI) 
Min. Write Enable Pulse Width to 














Delay from Address to Output See Fig. | 
= Delay from Chip Select (LOW) to See Fig. 2 14 17 | 25 ns 
tpz_(CS) | Active Output and Correct Data i pA des tane. 
tp7}(WE) ‘Delay from Write Enable (HIGH) > . | 
eats to Active Output and Correct Data See Fig. 1 19 50 ns 
tpz_(WE) | (Write Recovery — See Note 2) L _| as eae | 
t,(A) Set-up Time Address (Prior See Fig. 1 -6.0 0 0 ns 
to Initiation of Write) re | os ce 22 
r tia) Hold Time Address (After See Fig. 1 Fig. 3 test load 25 0 0 As | 
} Termination of Write) (measured to fi. ; a + jie 
t,(D1) Set-up Time Data Input (Prior to See Fig. 1 output = 1.5V) 25 ns 
Termination of Write) | = gett ns 
Hold Time Data Input (After 0 | ne 
tpw(WE) Insure Write See Fig ae | = wes 
tpHz(CS) | Delay from Chip Select (HIGH) to See Fig. 2 25 ns | 
tp_z(CS) Inactive Output (HI-Z) 1 fe 


























tp_z(WE) Delay from Write Enable (LOW) 
we) | to Inactive Output (HI-Z) 

















Notes: 1. Typical limits are at Voc = 5.0V and Ta = 25°C. 


2. Output ts preconditioned to data In during write to insure correct data is present on all outputs when write is terminated. (No write recovery glitch) 








SWITCHING WAVEFORMS 














KEY TO TIMING DIAGRAM 









































































ADDRESS WVVVVVV i NV WY 1.5V WAVEFORM INPUTS ouTPUTS 
03 KAAAAAAAAAAAAAAAAA 
ja—— ty, (A) MUST BE WILL BE 
STEADY STEADY 
« AVARTLYVANIALANANL eh 
NURARORTVAENEUN Peni te 
1,(A) WW FROMHTOL FROM H TO { 
WE 1.5V MAY. Cit WILL BE 
LLTT vases Ste, 
a tH(DID, 
AA LY — Wy OK ANY CHANGE STATE. 
"0=8 AANA TW \VAVAAAAAAAAANA VV sal coe ee 
tp 7 (WE) tpzy (WE) ‘i 
teyz(WE) tpz_ (WE) HK DOES NOT LINE 1S HIGH 
MIN APPLY (MPEDANCE 
09-3 “OFF” STATE 


Write Cycle Timing. The cycle is initiated by an address change. After ts(A) min., the write enable may 
begin. The chip select must also be LOW for writing. Following the write pulse, thiA) min. must be allowed 
before the address may be changed agen The output will be inactive (floating for the Am27S07) while the 
write enable is LOW. 


Figure 1. 
MPR-242 
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SWITCHING WAVEFORMS (Cont.) 















ADDRESS 
Ao-3 





———— ADDRESS j ADDRESS | —-~———————_-_ 1.5 V 


— ADDRESS k —~ 























aa tpiz(CS) = 
Rez (CS tpyy (AYMAX ly MAX tpyyz(S) 
MIN MIN MIN uy 
2 apes ae \\\\\\\\\N LATTA rr 
ETL LL ALAS 
a a a ee Sti e feee 
OUTPUT READ AHIGH READ A LOW IN DISABLE ENABLE READ A HIGH DISABLE 
DISABLED IN ADDRESS j ADDRESS k OUTPUT OUTPUT IN ADDRESS | OUTPUT 








Switching delays from address and chip select inputs to the data output. For the Am27S07 disabled output 
is “OFF”, represented by a single center‘line. For the Am27S06, a disabled output is HIGH. 











Figure 2. MPR-243 







TEST LOAD 











Open Collector Three-State 








Am27S06 TE ee Am27S07 
$1 is closed for >1 is closed for 
all A. C. tests. ali A. C. tests 
Note that tpy7(CS) FROM OUTPUT aL except tpHz(CS) 
and tp}jz(WE) 6 fo caste and tpyz (WE) where 
L* Upta— Cy 


parameters do not S71 is open and jig 
apply to 27S06 capacitance (Cy) is 
where disabled = < 5Spfd. 

output is HIGH. 










Figure 3. 
MPR-244 






Metallization and Pad Layout 





D9 
QQ 


Dy 








DIE-SIZE 
0.092" X 0.078” 
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Am27S13 


2048-Bit Generic Series Bipolar PROM 


DISTINCTIVE CHARACTERISTICS 


High Speed — 50ns max commercial range access time 
Excellent performance over full MIL and commercial ranges 
Highly reliable, ultra-fast programming Platinum-Silicide 
fuses 

High programming yield 

Low current PNP inputs 

High current open collector and three-state outputs 

Fast chip select 

Access time tested with N? patterns 

Pin for pin replacements for industry standard products 
Common Generic PROM series electrical characteristics 
and simple programming procedures. 


GENERIC SERIES CHARACTERISTICS 


The Am27S12 and Am27S13 are members of an Advanced 
PROM series incorporating common electrical characteristics 
and programming procedures. All parts in this series are pro- 
duced with a fusible link at each memory location storing a 
logic LOW and can be selectively programmed to a logic 
HIGH by applying appropriate voltages to the circuit. 


All parts are fabricated with AMD’s fast programming highly 
reliable Platinum-Silicide Fuse technology. Utilizing easily im- 
plemented programming (and common programming personal- 
ity card sets) these products can be rapidly programmed to 
any customized pattern. Extra test words are pre-programmed 
during manufacturing to insure extremely high field program- 
ming yields, and produce excellent parametric correlation. 


Platinum-Silicide was selected as the fuse link material to 
achieve a well controlled melt rate resulting in large non- 
conductive gaps that ensure very stable long term reliabilty. 
Extensive operating testing has proven that this low-field, 
large-gap technology offers the best reliability for fusible link 
PROMs. 


Common design features include active loading of all critical 
AC paths regulated by a built-in temperature and voltage 
compensated bias network to provide excellent parametric 
performance over MIL supply and temperature ranges. Selec- 
tive feedback techniques have been employed to minimize de- 
lays through all critical paths producing the fastest speeds 
possible from Schottky processed PROMs. 


ORDERING INFORMATION 


Order 
Number 


Package Temperature 
Type Range 


Open Collectors 


0°C to +75°C 
—55°C to +125°C 
—55°C to +125°C 


Three-State Outputs 


0°c to +75°C 
—55°C to +125°C 
—55°C to +125°C 


Hermetic DIP 
Hermetic DIP 
Hermetic Flat Pak 


AM27S12DC 
AM27S12DM 
AM27S12FM 


Hermetic DIP 
Hermetic DIP 
Hermetic Flat Pak 


AM27813DC 
AM27S13DM 
AM27S13FM 





FUNCTIONAL DESCRIPTION 


The Am27S12 and Am27S13 are high speed electrically pro- 
grammable Schottky read only memories. Organized in the 
industry standard 512 x 4 configuration, they are available in 
both open collector Am27S12 and three-state Am27S13 out- 
put versions. After programming, stored information is read on 
outputs Og—O3 by applying unique binary addresses to 
Ao--Ag and holding the chip select input, CS, at a logic LOW. 
If the chip select input goes to a logic HIGH, Og=O3 go to the 
off or high impedance state. 


BLOCK DIAGRAM 


COLUMN TEST RAIL 


64 x 32 
1 OF 66 FUSE ARRAY 


vu 1S31 MOH 


ROW 
DECODER 


TEST WORD 0 
TEST WORD 1 


10F 8 


COLUMN QUAD 1 OF 8 MULTIPLEXER 
DECODER 


BPM-001 





Am27S12/Am27S13 
512 x 4 PROM 





Voc = Pin 16 


GND = Pin 8 12 W 10 9 
BPM-002 


CONNECTION DIAGRAM 
Top View 


Voc Az Ag cs Op 01 OD O03 





Ag As Ag Ag Ag Ay Ag GND 


Note: Pin 1 is marked for orientation. 
BPM-003 





Am27S12 * Am27S13 
MAXIMUM RATINGS (Above which the useful life may be impaired) 





























Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias - a _ : —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous - - —0.5V to +7.0V 
DC Voltage Applied to Outputs (Except During Programming) _ _ ~0.5V to +Vcc max. 
DC Voltage Applied to Outputs During Programming Oe oats _ ; . 21V 
Output Current into Outputs During Programming, (Max. Duration of 1 sec.) oe - ; . 200mA 
DC Input Voltage ‘ces . 7 : —0.5V to +5.5V 
DC input Current —— _ - —30mA to +5mA 





OPERATING RANGE 


Ta = 0°C to +75°C Voc = 5.0V +5% 
Ta = —55°C to +125°C Voc = 5.0V +10% 











ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 
PRELIMINARY DATA 


Typ. 
Parameters Description Test Conditions Min. (Note 1) Max. Units 












Vec = MIN., IoH = —2.0mA 


Vou Output HIGH Volt 
utpu fo) 
i sea VIN = Vin oF Vit 


(Am27813 only) 
ae ae Vcc = MIN., Io = 16mA 
VoL Output LOW Voltage ee we 


VIN = VIH or Vit 








































































ye a Re Ge ei ieee Guaranteed input logical HIGH __ 
1H P voltage for all inputs 
a ——— Snes = ee en te 
Guaranteed input logical LOW 
MIE Seecepul eee See me # voltage for all inputs 7 - 7 
ie Input LOW Current Vec = MAX., Vin = 0.45V 
Yi Input HIGH Current Vcc = MAX., Vin = 2.7V 








| isco 


(Am27813 only) 


Input HIGH Current Vcc = MAX., Vin = 5.5V 











Output Short Circuit Current Vcc = MAX., VouT = 0.0V (Note 2) 






















All inputs = GND 
Vcc = MAX. 





loc Power Supply Current 


vi 



















Input Clamp Voltage Vec = MIN., lin = —-18mMA 


—— 





Vo = 4.5V 
Vo = 2.4V 

















Vec = MAX. 
Vcs =24V Am27813 


only 
Vin = 2.0V @ f = 1 MHz (Note 3) 
Vout = 2.0V @ f= 1 MHz (Note 3) 









Output Leakage Current 















Input Capacitance _ 








Output Capacitance 


Notes: 1. Typical limits are at Voc = 5.0V and Ta = 25°C. 
2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 
3. These parameters are not 100% tested, but are periodically sampled. 
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SWITCHING CHARACTERISTICS OVER OPERATING RANGE 
PRELIMINARY DATA 









Test Conditions 





Description 






Parameter 








Address Access Time 





AC Test Load 
(See Notes 1-3) 







Enable Access Time 








Enable Recovery Time 


Notes: 1. ta, is tested with switch S; closed and C, = 30pF. 
2. For open collector outputs, te, and te, are tested with S, closed to thé 1.5V output level. C,. = 30pF. 
3. For three state outputs, te, is tested with C, = 30pF to the 1.5V level; S, is open for high impedance to HIGH tests and closed for high 
impedance to LOW tests. ter is tested with C_ = 5pF. HIGH to high impedance tests are made with S, open to an output voltage of Von 
— 0.5V; LOW to high impedance tests are made with S;.closed to the Vo, + 0.5V level. 














SWITCHING WAVEFORMS 





Note: Level on output while CS is HIGH is determined externally. 
BPM-004 





KEY TO TIMING DIAGRAM 


WAVEFORM 









INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS 
wusrae wut es powTcane; guanine: 
STEADY STEADY 

PERMITTED UNKNOWN 
ate CENTER 
WILL DOES NOT LINE 1S HIGH 
Y CH 

CeO TO CHANGING WH APPLY IMPEDANCE 

FROMH TOL UOCETETATE 
MAY CHANGE = GanGiNG 
FROM L TOH 

FROM LTOH 

AC TEST LOAD 


Ri 
3000 


OUTPUT ean 
R2 
Ck iT 6002 
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PROGRAMMING 


The Am27S12 and Am27S13 are manufactured with a conduc- 
tive Platinum-Silicide link at each bit location. The output of 
the memory with the link in place is LOW. To program the de- 
_vice, the fusible links are selectively opened. 


The fusible links are opened one at a time by passing current 
through them from a 20 volt supply which is applied to one 
memory output after the CS input is at a logic HIGH. Current 
is gated through the addressed fuse by raising the CS input 
from a logic HIGH to 15 volts. After 50 usec, the 20 volt sup- 
ply is removed, the chip enabled, and the output level sensed 
to determine ifthe link has opened. Most links will open within 
50 sec. Occasionally a link will be stronger and require addi- 
tional programming cycle. The recommended duration of addi- 
tional programming periods is 5 msec. If a link has not 
opened after a total elapsed programming time of 400 msec, 
further programming of the device should not be attempted. 
Successive links are programmed in the same manner until all 
desired bit locations have been programmed to the HIGH 
level. 


Typical current into an output during programming will be ap- 
proximately 140mA until the fuse link is opened, after which 


PROGRAMMING PARAMETERS 


Parameter Description 


Voce Voc During Programming 





Vinp Input HIGH Level During Programming 


Vite Input LOW Level During Programming 
Vcsp 
Vop 


Vonp 


cs Voltage During Programming 

Output Voltage During Programming _ 

Voltage on Outputs Not to be Programmed 
lone Current into Outputs Not to be Programmed 
d(Vop)/dt 


d(Ves)/dt 


Rate of Output Voltage Change 
Rate of CS Voltage Change 


the current drops to approximately 40mA. Current into the cs 
pin when it is raised to 15 volts is typically 1.5mA. 


The memories may become hot during programming due to 
the large currents being passed. Programming cycles should 
not be applied to one device more than 5 seconds to avoid 
heat damage. If this programming time is exceeded, all power 
to the chip including Vec should be removed for a period of 5 
seconds after which programming may be resumed. 


When all programming has been completed, the data content 
of the memory should be verified by sequentially reading all 
words. Occasionally this verification will show that an extra 
undesired link has been fused. Should this occur, immediately 
check the programming equipment to make sure that all de- 
vice pins are firmly contacting the programming socket, that 
the input signal levels exhibit sufficient noise margins, and 
that the programming voltages are within the specified limits. 
All of these conditions must be maintained during program- 
ming. AMD PROMs are thoroughly tested to minimize un- 
wanted fusing; fusing extra bits is generally related to pro- 
gramming equipment problems. — 


Units 
Volts 


= 
2 
4 





Volts 
Volts 
Volts 
Volts 
Volts 
mA 
V/psec 


310 
eS 
ala > 


Vipsec 








' Programming Period — First Attempt 
P 


Notes: 1. 


Programming Period — Subsequent Attempts 


All delays between edges are specified from completion of the first edge to beginning of the second edge; i.e., not to the midpoints. 


psec 





es 
an 


msec 


. Delays ty, to, tg and t, must be greater than 100 ns; maximum delays of 1 «sec are recommended to minimize heating during 


programming. 


. During ty, a user defined period, the output being programmed is switched to the load R and read to determine if additional pulses 


are required. 


. Outputs not being programmed are connected to Vonp through resistor R which provides output current limiting. 


PROGRAMMING WAVEFORMS 





SIMPLIFIED PROGRAMMING DIAGRAM 











Voce Vonp 
ADDRESS VinP 
SELECTED ADDRESS STABLE 
INPUTS Vite 
—— Vosp 
cs 
ENABLE Vine Am27S12 
OR 
Am27813 
— Vip 
—_—_ | ——_—_| ———— Vop 
PROGRAMMED 
OUTPUT \ 4. top) 7 
anor Output fF OK 
VERIFY 
VEY vo. 
b__—______— PROGRAMMING cYcLe————_—_——_+| 
BPM-006 BPM-007 
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PROGRAMMING EQUIPMENT 


Generic. programming boards and device adapters are avail- 
able from the sources listed below. In each case, the pro- 
gramming boards are used in these manufacturer's automatic 


SOURCE AND LOCATION 


PROGRAMMER MODEL(S) 


Data I/O Corp 
P.O. Box 308 
Issaquah, Wash. 98027 


Model 5, 7 and 9 


Am27S12 » Am27S13 





programmers to program all AMD generic series bipolar 
PROMs; individual adapters are required for each basic part 
type in the series. 


Pro-Log Corp. 


2411 Garden Road 
Monterey, Ca. 93940 


Mg00 and M920 


AMD GENERIC BIPOLAR 909-1286-1 PM9058 
PROM PERSONALITY BOARD 
Am27S12 ¢ Am27S13 715-1408-2 PA16-5 and 512 x 4 (L) 


ADAPTERS AND 
CONFIGURATOR 


OBTAINING PROGRAMMED UNITS 


Programmed devices may be purchased from your distributor 
or Advanced Micro Devices. The program data should be 
submitted in the form of a punched paper tape and must be 
accompanied by a written truth table. The punched tape can 
be delivered with your order or may be transmitted over a 
TWX machine or time-sharing terminal. ASCIl BPNF is our 
preferred paper tape format. 


ASCll BPNF 


An exampie of an ASCII tape in the BPNF format is shown 
below. They can be ‘punched on any Teletype® or on a TWX 
or Telex machine. The format chosen provides relatively good 
error detection. Paper tapes must consist of: 


1. A leader of at least 25 rubouts. 
2. The data patterns for all 512 words, starting with word 0, in 
the following format: 
a. Any characters, including carriage return and line feed, 
except “B”. 
b. The letter “B”, indicating the beginning of the data 
word. 
c. A sequence of four Ps or Ns, starting with output O3. 
d. The letter “F”, indicating the finish of the data word. 
e. Any text, including carriage return and line feed, except 
the letter “B”. 


TYPICAL PAPER TAPE FORMAT 


$$9 BNNNPF WORD ZERO(R) @ 
BPPNNF COMMENT FIELD (R) @ 
$62  BPPPNF ANY (®) 
BNNNNF TEXT (R) 
G4 BNNNPF CAN (R) CL) 
BPPNNF GO (R) (2) 
$66 BPPNNF HERE (R) @ 
511 BPPPNF END@®@® 


LEADER 
25 RUBOUTS 
——— 


oacqo0000000 









o0o00 
ooc0co 


eaoo00 
oe eocoo °o 





4‘P’s OR ‘N's 






oo0o0000c000 


eoooo 
e©oo00o 0 

eee ee eoeaserereecreseseneseeesereeeseoeeeeeeerneaeeernseeresoeeede 

oc000ga00 

eoec000 





ee 
4 'P's OR ‘N’s 


OPTIONAL COMMENTS MAY BE INSERTED HERE 


Truth tables are also acceptable, but are much less desirable 
especially for larger density PROMs. Submission of a truth 
table requires the generation of a punched paper tape at the 
distributor or factory resulting in longer lead times, greater 
possibility of error, and higher cost. 





3. A trailer of at least 25 rubouts. 


A P is a HIGH logic level = 2.4 volts. 
An N is a LOW logic level = 0.4 volts. 


A convenient pattern to use for the data words is to prefix the 
word (or every few words with the word number, then type the 
data word, then a comment, then carriage return and line feed 
as shown below. There must be no characters between the B 
and the F except for the four Ps and Ns. if an error is made in 
a word, the entire word must be cancelled with rubouts back 


’ to the letter B, then the word re-typed beginning with the B. 


When TWxing your tape, be sure the tape is in even parity. 
Parity is not necessary if the tape is mailed. 


RESULTING DEVICE TRUTH TABLE (CS = LOW) 


Lobe kL bE Lk bE LC ob | tL bL oH 
LoL 











L 
i ke es? “aie, Se aie ee) a: 
irs Os en es eee, ee Se ee 
b. ek. aes AS 
b,c 
ay Scans eames nas Nm eames ame ee 
Le tee Se A ee A 
H H H H H H H HH 
as 
TRAILER 
cR ee BUBOUTS 








oo 
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BPM-008 


Am27S12 « Am27S13 


APPLYING THE Am27S12 AND Am27S13 


The Am27S12 and Am27S13 can be used with a high speed 
counter to form a pico-controller for microprogrammed sys- 
tems. A typical application is illustrated below wherein a mul- 
tiplexer, under contro! of one of the PROMs, is continuously 
sensing the CONDITIONAL TEST INPUTS. When the 
selected condition occurs, a HIGH signal will result at the mul- 







- cia, 


tiplexer output causing a predetermined branch address to be 
loaded into the parallel inputs of the counters on the next 
clock pulse. The counter then accesses the preprogrammed 
data or control information sequence from the Am27S12 or 
Am27S13 PROMs. 


CONDITIONAL TEST INPUTS 
ie 


2345 67 ain 


Am74S151 


MULTIPLEXER 


9 p= 
Am748161 Am74S161 Am74S161 


COUNTER 








OUTPUT BITS FOR DATA OR CONTROL 


BPM-009 
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Am27S18 


e Am27S19 


256-Bit Generic Series Bipolar PROM 


DISTINCTIVE CHARACTERISTICS 


High Speed — 40ns max commercial range access time 
Excellent performance over full MIL and commercial ranges 
Highly reliable, ultra-fast programming Platinum-Silicide 
fuses 

High programming yield 

Low current PNP inputs 

High current open collector and three-state outputs 

Fast chip select 

Access time tested with N2 patterns 

Pin for pin replacements for industry standard products 
Common Generic PROM series electrical characteristics 
and simple programming procedures. 


GENERIC SERIES CHARACTERISTICS 


The Am27S18 and Am27S19 are members of an Advanced 
PROM series incorporating common electrical characteristics 
and programming procedures. All parts in this series are pro- 
duced with a fusible link at each memory location storing a 
logic LOW and can be selectively programmed to a logic 
HIGH by applying appropriate voltages to the circuit. 


All parts are fabricated with AMD’s fast programming highly 
reliable Platinum-Silicide Fuse technology. Utilizing easily im- 
plemented programming (and common programming personal- 
ity card sets) these products can be rapidly programmed to 
any customized pattern. Extra test words are pre-programmed 
during manufacturing to insure extremely high field program- 
ming yields, and produce excellent parametric correlation. 


Platinum-Silicide was selected as the fuse link material to 
achieve a well controlled melt rate resulting in large non- 
conductive gaps that ensure very stable long term reliability. 
Extensive operating testing has proven that this low-field, 
large-gap technology offers the best reliability for fusible link 
PROMs. 


Common design features include active loading of ail critical 
AC paths regulated by a built-in temperature and voltage 
compensated bias network to provide excellent parametric 
performance over MIL supply and temperature ranges. Selec- 
tive feedback techniques have been employed to minimize de- 
lays through all critical paths producing the fastest speeds 
possible from Schottky processed PROMs. 


ORDERING INFORMATION 


Package Temperature Order 
Type Range Number 
Open Collectors 
Hermetic DIP 0°C to +75°C AM27S18DC 
Hermetic DIP —55°C to +125°C AM27S18DM 
Hermetic Flat Pak —55°C to +125°C AM27S18FM 
Three-State Outputs 
Hermetic DIP 0°C to +75°C AM27819DC 
Hermetic DIP —55°C to +125°C = AM27S19DM 
Hermetic Flat Pak ~55°C to +125°C AM27S19FM 


FUNCTIONAL DESCRIPTION 


The Am27S18 and Am27S19 are high speed electrically pro- 
grammable Schottky read only memories. Organized in the 
industry standard 32 x 8 configuration, they are available in 
both open collector Am27S18 and three-state Am27S19 out- 
put versions. After programming, stored information is read on 
outputs O9—O7 by applying unique binary addresses to 
Ao--Aq and holding the chip select input, CS, at a logic LOW. 
lf the chip select input goes to a logic HIGH, Og—O7 go to the 
off or high impedance state. 


BLOCK DIAGRAM 


32x 8 


1 OF 34 FUSE ARRAY 


ROW 
DECODER 


TEST WORD 0 
TEST WORD 1 


‘IV's 1S3al MOY 











OQ 0; Oo O03 O4 Os O6 Ov 
BPM-018 
10 
11 
12 
13 Am27818/Am27819 
32 X 8 PROM 
14 
15 
Op 01 Op 03 04 Og Og 07 
Vec = Pin 16 123 45 67 9 
GND = Pin 8 
BPM-019 
CONNECTION DIAGRAM 
Top View 
Voc G3 Ay Ag Ag Aq Ag 07 
Note: Pin 1 is marked for orientation. 
BPM-020 
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Am27S18 * Am27S19 
MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature , —65°C to + 150°C 
—55°C to +125°C 
—0.5V to +7.0V 


—0.5V to +Voc max. 








Temperature (Ambient) Under Bias 











Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 





DC Voltage Applied to Outputs (Except During Programming) 























DC Voltage Applied to Outputs During Programming 21V 
Output Current into Outputs During Programming (Max. Duration of 1 sec.) 200mA 
DC Input Voltage —0.5V to +5.5V 











DC Input Current —30mA to, +5mA 





OPERATING RANGE 


COM'L Am27S18XC, Am27S19XC 
MIL Am27S18XM, Am27S19XM 















Ta = 0°C to +75°C 
Ta = —55°C to +126°C 


Vec = 5.0V +5% 


Voc = 5.0V +10% 









ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 
PRELIMINARY DATA 


Typ. 
Parameters Description Test Conditions Min. (Note 1) Max. Units 
Vec = MIN., Ion = —2.0mA 
(Andiisi@onyil- eee Vin = Vin oF Vie i 


Vec = MIN. lot = 16MmA 
VIN = VIH OF VIL 

Guaranteed input logical HIGH 
voltage for all inputs 
Guaranteed input logical LOW 
voltage for all inputs 





VOL Output LOW Voltage 






Input HIGH Level 





Input LOW Level 








Input LOW Current 


Voc = MAX., Viqy = 0.45V 











Input HIGH Current : 





Input HIGH Current 





Voc = MAX., Vin = 2.7V 








Vcc = MAX., Vin = 5.5V 




















Isc 


Output Short Circuit Current 
(Am27LS819 only) 


uA 
mA 
Vec = MAX., VouT = 0.0V (Note 2) —20 mA 


mA 
BA 










All inputs = GND 


Power Supply Current Voc = MAX. 


!cc 








= 
= 
a 


vi Voc = MIN., ty = —18mA 12 Volts 


Vec = MAX. 
Vés = 2.4V Am27L819 | Vo = 2.4V | 40 
Vin) = 2.0V @ f = 1 MHz (Note 3) ae, 
IN 
i a eh 
Notes: 1. Typical limits are at Voc = 5.0V and Ta = 25°C. 


2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 
3. These parameters are not 100% tested, but periodically sampled. 


Input Clamp Voltage 












Output Leakage Current 































input Capacitance 








Output Capacitance Vout * 2.0V @f = 1 MHz (Note 3) 
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SWITCHING CHARACTERISTICS OVER OPERATING RANGE 
PRELIMINARY DATA 






Parameter Description Test Conditions 

















Address Access Time 









AC Test Load 


Enable Access Time (See Notes 1-3) 













Enable Recovery Time 


Notes: 1. ta, is tested with switch S, closed and Cy = 30pF. 


2. For open collector outputs, tga and ter are tested with S, closed to the 1.5V output level. CL = 30pF. 

3. For three state outputs, te, is tested with C, = 30pF to the 1.5V level; Sj is open for high impedance to HIGH tests and closed for high 
impedance to LOW tests. tgp is tested with C_ = 5pF. HIGH to high impedance tests are made with S, open to an output voltage of Vou 
— 0.5V; LOW to high impedance tests are made with S, closed to the Vo, + 0.5V level. 





SWITCHING WAVEFORMS 








Note: Level on output while CS is HIGH is determined externally. 





BPM-021 






KEY TO TIMING DIAGRAM 










WAVEFORM 





INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS 















sree wuts DONTCARE, canon: 
STEADY STEADY 
PERMITTED UNKNOWN 
eee aes, CENTER 
MAY CHANG DOES NOT LINE IS HIGH 
PROM TG c CHANGING HH APPLY IMPEDANCE 
FROMH TOL “OFF” STATE 


CHANGING 
FROMLTOH = EROMLTOH 


HT may cHANGE = WILL BE 






AC TEST LOAD 
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PROGRAMMING 


The Am27S18 and Am27S19 are manufactured with a conduc- 
tive Platinum-Silicide link at each bit location. The output of 
the memory with the link in place is LOW. To program the de- 
vice, the fusible links are selectively opened. 


The fusible links are opened one at a time by passing current 
through them from a 20 volt supply which is applied to one 
memory output after the CS input is at a logic HIGH. Current 
is gated through the addressed fuse by raising the CS input 
from a logic HIGH to 15 volts. After 50 wsec, the 20 volt sup- 
ply is removed, the chip enabled, and the output level sensed 
to determine if the link has opened. Most links will open within 
50 psec. Occasionally a tink will be stronger and require addi- 
tional programming cycles. The recommended duration of ad- 
ditional programming periods is 5 msec. If a link has not 
opened after a total elapsed programming time of 400 msec, 
further programming of the device should not be attempted. 
Successive links are programmed in the same manner until all 
desired bit locations have been programmed to the HIGH 
level. 


Typical current into an output during programming will be ap- 
proximately 140mA until the fuse link is opened, after which 


PROGRAMMING PARAMETERS 


Parameter Description 





Voc During Programming 








the current draps to approximately 40mA. Current into the CS 
pin when it is raised to 15 volts is typically 1.5mA. 


The memories may become hot during programming due to 
the large currents being passed. Programming cycles should 
not be applied to one device more than 5 seconds to avoid 
heat damage. If this programming time is exceeded, all power 
to the chip including Vcc should be removed for a period of 5 
seconds after which programming may be resumed. 


When all programming has been completed, the data content 
of the memory should be verified by sequentially reading all 
words. Occasionally this verification will show that an extra 
undesired link has been fused. Should this occur, immediately 
check the programming equipment to make sure that all de- 
vice pins are firmly contacting the programming socket, that 
the input signal levels exhibit sufficient noise margins, and 
that the programming voltages are within the specified limits. 
All of these conditions must be maintained during program- 
ming. AMD PROMs are thoroughly tested to minimize un- 
wanted fusing; fusing extra bits is generally related to pro- 
gramming equipment problems. 


Units 





























































Input HIGH Level During Programming Volts 
Vice = 0.0 0.45 Volts 
eee : ~~ GS Voltage During Programming ee GT 14.5 15.5 Volts ~ 
Woe ‘ee eae Output Voltage During Programming 19.5 20.5 Volts 
: WenD 7 Voltage on Outputs Not to be Programmed . 0 Vecpt0.3 Volts 
“Tone | __ Gurr no Outs Nat be Programmed es 
d(Vop)/dt Rate of Output Voltage Change 20 250 Vipsec 
“dVesyat | ~ Rate of CS Voltage Change : 100 1000 V/sec 
- =. “ss L =? Programming Period — First Attempt a 50 100 + SOC 
Programming Period — Subsequent Attempts 5.0 15 msec 


Notes: 1. All delays between edges are specified from completion of the first edge to beginning of the second edge; i.e., not to the midpoints. 


programming. 


are required. 


PROGRAMMING WAVEFORMS 


ADDRESS 
INPUTS 





d 
“at Ves) 


cs 
ENABLE 





PROGRAMMED 
OUTPUT 


BPM-023 





Vine 
SELECTED ADDRESS STABLE 





2. Delays ty, tz, tg and tg must be greater than 100 ns; maximum delays of 1 usec are recommended to minimize heating during 
3. During ty, a user defined period, the output being programmed is switched to the load-R and read to determine if additional pulses 


4. Outputs not being programmed are connected to Vonp through resistor R which provides output current limiting. 


SIMPLIFIED PROGRAMMING DIAGRAM 


Voce Vonp 








R = 3000 


Ag Ag 


Am27S18 
OR 
Am27S19 


Vesp 


BPM-024 
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PROGRAMMING EQUIPMENT 


Generic programming boards and device adapters are avail- 
able from the sources listed below. In each case, the pro- 
gramming boards are used in these manufacturer's automatic 


SOURCE AND LOCATION 


PROGRAMMER MODEL(S) 


AMD GENERIC BIPOLAR 909-1286-1 PM9058 
PROM PERSONALITY BOARD 
Am27S18 « Am27S19 715-1407-1 PA16-6 and 32 x 8 (L) 


ADAPTERS AND 
CONFIGURATOR 


OBTAINING PROGRAMMED UNITS 


Programmed devices may be purchased from your distributor 
or Advanced Micro Devices. The program data should be 
submitted in the form of a punched paper tape and must be 
accompanied by a written truth table. The punched tape can 
be delivered with your order or may be transmitted over a 
TWX machine or time-sharing terminal. ASCII BPNF is our 
preferred paper tape format. 


ASCII BPNF 


An example of an ASCII tape in the BPNF format is shown 
below. They can be punched on any Teletype® or on a TWX 
or Telex machine. The format chosen provides relatively good 
error detection. Paper tapes must consist of: 


1. A leader of at least 25 rubouts. 
2. The data patterns for all 32 words, starting with word 0, in the 
following format: 
a. Any characters, including carriage return and line feed, 
except “B”. 
b. The letter “B”, indicating the beginning of the data 
word. 
c. A sequence of eight Ps or Ns, starting with output O-. 
d. The letter “F”, indicating the finish of the data word. 
e. Any text, including carriage return and line feed, except 
the letter “B”. 


type in the series. 


Data I/O Corp. 
P.O. Box 308 
Issaquah, Wash. 98027 


Model 5, 7 and 9 


Am27S18 * Am27S19 







programmers to program all AMD generic series bipolar 
PROMs; individual adapters are required for each basic part 


Pro-Log Corp. 
2411 Garden Road 
Monterey, Ca. 93940 


Mg00 and M920 


Truth tables are also acceptable, but are much less desirable 
especially for larger density PROMs. Submission of a truth 
table requires the generation of a punched paper tape at the 
distributor or factory resulting in longer lead times, greater 
possibility of error, and higher cost. 


3. A trailer of at least 25 rubouts. 


A P is a HIGH logic level = 2.4 volts. 
An N is a LOW logic level = 0.4 volts. 


A convenient pattern to use for the data words is to prefix the 


- word (or every few words with the word number, then type the 


data word, then a comment, then carriage return and line feed 
as shown below. There must be no characters between the B 
and the F except for the eight Ps and Ns. If an error is made 
in a word, the entire word must be cancelled with rubouts 
back to the letter B, then the word re-typed beginning with the 
B. 


When TWxXing your tape, be sure the tape is in even parity. 
Parity is not necessary if the tape is mailed. 





TYPICAL PAPER TAPE FORMAT 


¢¢6  BPNPPNNNPF WORD ZERO (R) @ 
BPPPPPPNNF COMMENT FIELD (R) (L) 
¢¢2  BNNNPPPPNF ANY (R) @) 


BNNNNNNNNF TEXT 
$04 BPNNNNNNPF = CAN (R) CL) 
BNPPNPPNNF GO (R) () 


$¢6  BPNNPPPN HERE (R) @) 
$31 BNNNNPPENF END (® @ 
(R) = CARRIAGE RETURN 

(L)= LINE FEED 


ASCII PAPER TAPE 













LEADER 


——— 





eoog000g000cd 


oo0o°o 
oo00 


e0000 
ea000 





° 





8 P’s OR N's 








oo000000 0900 


e000 


oon eeeoeseesvereeese eee eee eere eee see eses 


8 P’s OR N's 


OPTIONAL COMMENTS MAY BE INSERTED HERE 


RESULTING DEVICE TRUTH TABLE (CS = LOW) 


QO, Og O2 OF Oo 


> 
ey 





Crt ee ee 
Zo Pr Ee 
ZDGrerorreiiage 








TRAILER 
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Am27S18 ¢ Am27S19 





APPLYING THE Am27S18 AND Am27S19 


The Am27S18 and Am27S19 PROMs may be used as code 
converters. Examples include conversion of hexadecimal, 
octal or BCD to seven segment display drive format. In many 
code conversion applications an extra PROM address input is 
available and may be used as a polarity control, blanking con- 


Am25L$2569 
4-BIT COUNTER 


CODE SELECT 
INPUT 


Am27S18/19 





CODE CODE 


BPM-026 


trol or code selector input. The use of a single Am27S18 or 
Am27S19 to convert the outputs of a binary counter to either 
excess three or gray code format is illustrated below. In this 
case both codes are generated in true and complemented 
form simultaneously. 


TRUTH TABLE 


ADDRESS COMPLEMENT TRUE 
Ay, Az Ag A; Ap 0, Og Os O4 O03 Oo 0; Qo 


—_ 


3009 AaYHL SSADX3 


aoe st enews tweens sre Qoocodeocoeocoecoococse 
3009 AVHD 


eee eee nn cccccccoHanneanaeussesncococcccod 
Sees ACDOCDOHHRH4-CTOOHBAB Bs COCOHAaAAHB A OO OS 
-=30O+-=-004-=00]==-CO]=s=0 02300-20000 
-~CO-0O-0-=0H00+HO0H=0-020-0-0-0+0-0-+0 
coococooooHe a ae a ee KKK KK KOTDOOOBA Baa 
maews2 C0 CCCCCOOHa Ha a3 43 K KKK K KOR HA HB H OOOOH 
-=-o00002=4=4220000=-4=*%xKXxXXxKXA OOM +000 
-o0O-+00-+00+-200=+-KRMKKK KH ORO" 0O+H0-0 
epee er742=—- 2000 00OCO0OOKKXX XK KA He He Hae H0oCoOoCd 
eo0o Of e242 424220000KXXKXKACCOOHK a =3=-0 
eoosr4s+4-20000222=3=00KKXXKXKOR H 00-200 

cos fpoo0o+-+00++004+]=0KKXKKKOH0-0-0+02 





5-28 


Am27S8S20 ¢ Am27S21 


1024-Bit Generic Series Bipolar PROM 


DISTINCTIVE CHARACTERISTICS 


High Speed — 45ns max commercial range access time 
Excellent performance over full MIL and commercial ranges 
Highly reliable, ultra-fast programming Platinum-Silicide 
fuses 

High programming yield 

Low current PNP inputs 

High current open collector and three-state outputs 

Fast chip select 

Access time tested with N? patterns 

Pin for pin replacements for industry standard products 
Common Generic PROM series electrical characteristics 
and simple programming procedures. 


GENERIC SERIES CHARACTERISTICS 


The Am27S20 and Am27S21 are members of an Advanced 
PROM series incorporating common electrical characteristics 
and programming procedures. All parts in this series are pro- 
duced with a fusible link at each memory location storing a 
logic LOW and can be selectively programmed to a logic 
HIGH by applying appropriate voltages to the circuit. 


All parts are fabricated with AMD's fast programming highly 
reliable Platinum-Silicide Fuse technology. Utilizing easily im- 
plemented programming (and common programming personal- 
ity card sets) these products can be rapidly programmed to 
any customized pattern. Extra test words are pre-programmed 
during manufacturing to insure extremely high field program- 
ming yields, and produce excellent parametric correlation. 


Platinum-Silicide was selected as the fuse link material to 
achieve a well controlled melt rate resulting in large non- 
conductive gaps that ensure very stable long term reliabilty. 
Extensive operating testing has proven that this low-field, 
large-gap technology offers the best reliability for fusible link 
PROMs. 


Common design features include active loading of all critical 
AC paths regulated by a built-in temperature and voltage 
compensated bias network to provide excellent parametric 
performance over MIL supply and temperature ranges. Selec- 
tive feedback techniques have been employed to minimize de- 
lays through ail critical paths producing the fastest speeds 
possible from Schottky processed PROMs. 


ORDERING INFORMATION 


Order 
Number 


Package Temperature 
Type Range 


Open Collectors 


0°C to +75°C 
-56°C to +125°C 
—55°C to +125°C 


Three-State Outputs 


0°C to +75°C 
—55°C to +125°C 
—§5°C to +125°C 


AM27S20DC 
AM27S20DM 
AM27S20FM 


Hermetic DIP 
Hermetic DIP 
Hermetic Flat Pak 


AM27S21DC 
AM27S21DM 
AM27S21FM 


Hermetic DIP 
Hermetic DIP 
Hermetic Flat Pak 





FUNCTIONAL DESCRIPTION 


The Am27S20 and Am27S21 are high speed electrically pro- 
grammable Schottky read only memories. Organized in the 
industry standard 256 x 4 configuration, they are available in 
both open collector Am27S20 and three-state Am27S21 out- 
put versions. After programming, stored information is read on 
outputs Og—O3 by applying unique binary addresses to 
Ao—Az and holding the chip select inputs, CS, and CS., at a 
logic LOW. If either chip select input goes to a logic HIGH, 
Oy—O3 go to the off or high impedance state. 


BLOCK DIAGRAM 


COLUMN TEST RAIL 


é 32 x 32 
4 0OF 34 FUSE ARRAY 


ed 1S31 MOY 


ROW 
DECODER 


TEST WORD 0 
TEST WORD 1 


7 AS 


10F8 
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BPM-027 
5 
6 
7 
4 
3 Am27S20/Am27S21 
2 256 X 4 PROM 
1 
15 
14 
13 ——O 
Vec = Pin 16 
3 = Pj 12 11 10 9 
GND = Pin 8 BPM-028 
CONNECTION DIAGRAM 
Top View 
Veo Az ©S2 CS; Og 01 02 03 
Ag Ag Ag Az Ag A, Ag GND 
Note: Pin 1 is marked for orientation. 
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Am27S20 +» Am27S21 
MAXIMUM RATINGS (Above which the useful life may be impaired) 





Storage Temperature 


-65°C to + 150°C 








Temperature (Ambient) ‘Under Bias 


—65°C to + 125°C 












































Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous — —0.5V to +7.0V 
DC Voltage Applied to Outputs (Except During Programming) —0.5V to +Vec max. 
DC Voltage Af Applied to Outputs During Programming Se etre . - 21V 
Output Current into Outputs During Programming (Max. Duration of 1 sec. : 7 200mA 

—_ - i ee os —0.5V to +5.5V 


DC Input Voltage 








DC Input Current 


OPERATING RANGE 
COM'L Am27S20XC, Am27S21XC | Ta = 0°C to +75°C 


MIL ‘Am27S20XM, Am27S21XM Ta = ~55°C to +125°C 


Voc = 5.0V 25% 


Voc = 5.0V +10% 


















ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 
PRELIMINARY DATA 


Typ. 
(Note 1) 


Test Conditions Min. 


Parameters 


Description 











Vcc = MIN.. lo = —2.0mA 

_ Min = Vin or Viv agen oe. 
Voc = MIN., OL = 16MA 

Vin = Vin or Vie 


Vv 


OH 
(Am27821 only) Output HIGH Voltage 











VoL Output LOW Voltage 







re natn oo reg oe oreo mune Seca fae ee 


Vin input HIGH Level 


Guaranteed input logical HIGH ——i‘(L;CStC 
voltage for all inputs 









7 Guaranteed input logical LOW. - 
voltage for all inputs 


Vcc = MAX., VIN = 0.45V__ Suen hots. 


_Vec = MAX., Vin = 2.7V 


Vit Input LOW Level 


“Input “LOW ¢ Current 
~ Input HIGH Current 





















—30mA to +5mA 


Max. Units 


















Voc = MAX., Vin = 5.5V_ 











Input HIGH Current: 


: ae r aaa Sareea 

















Output Short Circuit Current Vec = MAX., VouT = 0.0V (Note 2) 














All inputs = GND 























lec | Power Supply Current Voc = MAX. 
vy Input Clamp Voltage Voc = MIN. IN: = = =18mA 
































Vec = MAX. 





Output Leakage Current Am27821 









V&Si = 2.4V 





only 























7 Input Capacitance VIN =2.0V @f = 1 MHz (Note 3) _ 














Vout = 2.0V @ f = 1 MHz (Note 3) 





Output Capacitance 





Note 1. Typical limits are at Vec = 5.0V and Ta = 25°C 


2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 


3. These parameters are not 100% tested, but are periodically sampled. 
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Am27S20 « Am27S821 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 
PRELIMINARY DATA 






Parameter Description Test Conditions 


Address Access Time 
Enable Access Time 
ltr | Enable Recovery Time 


Notes: 1. tag is tested with switch S, closed and C, = 30pF. 
2. For open collector outputs, te, and ter are tested with S; closed to the 1.5V output level. CL = 30pF. 
3. For three state outputs, te, is tested with C_ = 30pF to the 1.5V level; S; is open for high impedance to HIGH tests and closed for high 
impedance to LOW tests. ter is tested with C_ = 5pF. HIGH to high impedance tests are made with S; open to an output voitage of Voy 
— 0.5V; LOW to high impedance tests are made with S; closed to the Vo, + 0.5V level. 













AC Test Load 
(See Notes 1-3) 








SWITCHING WAVEFORMS 
en PSC NTT TaERTErnecamoneceanne {WY 
Ao-Ag DS 1,.5V 
tn aerate Me merece sermcemcrercroreecenrns _ ()'yf 
ae 1.5V 
A ov 


= = a 














Vou 
—— Vou — 0.5V 
nm 45 
VoL + 0.5V 
Vou 
Note: Level on output while either CS is HIGH is determined externally. senate 
KEY TO TIMING DIAGRAM 
WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS 


DON'T CARE; CHANGING; 
ANY CHANGE STATE 
PERMITTED UNKNOWN 


MUST BE WILL BE 
STEADY STEADY 


WILL BE 
CHANGING 
FROM H TOL 


DOES NOT LINE #S HIGH 
APPLY IMPEDANCE 
“OFF” STATE 


MAY CHANGE 
FROMH TOL 


CHANGING 
FROM LTOH FROM LTO H 


TH may cHANGE WILL BE 


AC TEST LOAD 


Voc REE fam 


St 


3002) 


OUTPUT one (ial 
R2 
ce il 6002. 


BPM-031 
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Am27S20 « Am27S21 


PROGRAMMING 


The Am27S20 and Am27S21 are manufactured with a conduc- 
tive Platinum-Silicide link at each bit location. The output of 
the memory with the link in place is LOW. To program the de- 
vice, the fusible links are selectively opened. 


The fusible links are opened one at a time by passing current 
through them from a 20 volt supply which is applied to one 
memory output after the CS, input is at a logic HIGH. Current 
is gated through the addressed fuse by raising the CS, input 
from a logic HIGH to 15 volts. After 50 yxsec, the 20 volt sup- 
ply is removed, the chip enabled, and the output level sensed 
to determine if the link has opened. Most links will open within 
50 psec. Occasionally a link will be stronger and require addi- 
tional programming cycles. The recommended duration of ad- 
ditional programming periods is 5 msec. lf a link has not 
opened after a total elapsed programming time of 400 msec, 
further programming of the device should not be attempted. 
Successive links are programmed in the same manner until all 
desired bit locations have been programmed to the HIGH 
level. 


Typical current into an output during programming will be ap- 
proximately 140mA until the fuse link is opened, after which 


PROGRAMMING PARAMETERS 
Parameter Description 
Voce Vcc During Programming 
ViHP 


Vitp Input LOW Level During Programming 


Input HIGH Level During Programming 


Cs, Voltage During Programming 


Vesp 


Vop Output Voltage During Programming 
Vonep Voltage on Outputs Not to be Programmed 
lone Current into Outputs Not to be Programmed 


' d(Vop)/at Rate of Output Voltage Change 


the current drops to approximately 40mA. Current into the 
CS, pin when it is raised to 15 volts is typically 1.5mA. 


The memories may become hot during programming due to 
the large currents being passed. Programming cycles should 
not be applied to one device more than 5 seconds to avoid 
heat damage. If this programming time is exceeded, all power 
to the chip including Vec should be removed for a period of 5 
seconds after which programming may be resumed. 


When all programming has been completed, the data content 
of the memory should be verified by sequentially reading all 
words. Occasionally this verification will show that an extra 
undesired link has been fused. Should this occur, immediately 
check the programming equipment to make sure that all de- 
vice pins are firmly contacting the programming socket, that 
the input signal levels exhibit sufficient noise margins, and 
that the programming voltages are within the specified limits. 
All of these conditions must be maintained during program- 
ming. AMD PROMs are thoroughly tested to minimize un- 
wanted fusing; fusing extra bits is generally related to pro- 
gramming equipment problems. 


Min. Units 
Volts 
Volts 
Volts 
Volts 
Volts 
Volts 

mA 


V/wsec 


= 
=) 
x 





d(V¢s)/dt Rate of CS,, Voltage Change 


; Programming Period — First Attempt 
‘ Programming Period — Subsequent Attempts 


Vipsec 





— 
[=] 
So 


“SOC 





=_ 
on 


msec 


Notes: 1. All delays between edges are specified from completion of the first edge to beginning of the second edge; i.e., not to the midpoints. 


. Delays ty, tg, tg and tg must be greater than 100 ns; maximum delays of 1 usec are recommended to minimize heating during 


programming. 


. During ty, a user defined period, the output being programmed is switched to the load R and read to determine if additional pulses 


are required. 


. Outputs not being programmed are connected to Vonp through resistor R which provides output current limiting. 


PROGRAMMING WAVEFORMS 


VinP 
ADDRESS SELECTED ADDRESS STABLE 
INPUTS Vice 


———— Vesp 


Vine 


UTPUT 


BPM-032 


SIMPLIFIED PROGRAMMING DIAGRAM 


Am27820 
OR 


Am27521 


BPM-033 
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Am27S20 ¢ Am27821 










PROGRAMMING EQUIPMENT 


Generic programming boards and device adapters are avail- 
able from the sources listed below. In each case, the pro- 
gramming boards are used in these manufaoturer’s automatic 


programmers to program all AMD generic series bipolar 
PROMs; individual adapters are required for each basic part 
type in the series. 


SOURCE AND LOCATION Pro-Log Corp. 
2411 Garden Road 


Monterey, Ca. 93940 
M900 and M920 


“Data V/O Corp. 
P.O. Box 308 
Issaquah, Wash. 98027 


PROGRAMMER MODEL(S) Model'5, 7 and 9 


AMD GENERIC BIPOLAR 909-1286-1 PM9058 
PROM PERSONALITY BOARD : 
Am27S820 ¢ Am27S21 715-1408-1 PA16-5 and 256 x 4 (L) 


ADAPTERS AND . 
CONFIGURATOR 


OBTAINING PROGRAMMED UNITS 


Programmed devices may be purchased from your distributor 
or Advanced Micro Devices. The program data should be 
submitted in the form of a punched paper tape and must be 
accompanied by a written truth table. The punched tape can 


Truth tables are also acceptable, but are much less desirable 





especially for larger density PROMs. Submission of a truth 
table requires the generation of a punched paper tape at the 
distributor or factory resulting in longer lead times, greater 


be delivered with your order or may be transmitted over a 
TWX machine or time-sharing terminal. ASCIl BPNF is our 
preferred paper tape format. 


possibility of error, and higher cost. 


















ASCIl BPNF 


An example of an ASCII tape in the BPNF format is shown 
below. They can be punched on any Teletype® or on a TWX 
or Telex machine. The format chosen provides relatively good 
error detection. Paper tapes must consist of: 


1. A leader of at least 25 rubouts. 

2. The data patterns for all 256 words, starting with word 0, in 
the following format: 
a. Any characters, including carriage return and line feed, 


3. A trailer of at least 25 rubouts. 


A P is a HIGH logic level = 2.4 volts. 
An N is a LOW logic level = 0.4 volts. 


A convenient pattern to use for the data words is to prefix the 
word (or every few words with the word number, then type the 
data word, then a comment, then carriage return and line feed 
as shown below. There must be no characters between the B 


b ree “B", indicating the beginning of the data and the F except for the four Ps and Ns. If an error is made in 
, ware ; a word, the entire word must be cancelled with rubouts back 


c. A sequence of four Ps or Ns, starting with output O3. to the letter B, then the word re-typed beginning with the B. 


. The letter “F”, indicating the finish of the data word. 
e. Any text, including carriage return and line feed, except 
the letter “B”. 


[om 


When TWxing your tape, be sure the tape is in even parity. 
Parity is not necessary if the tape is mailed. 


TYPICAL PAPER TAPE FORMAT RESULTING DEVICE TRUTH TABLE (CS, & CS. = LOW) 






$¢$ BNNNPF WORD ZERO (R) () 
BPPNNF COMMENT FIELD (R) @) 
g¢2 %BPPPNF ANY () 
BNNNNF TEXT (R) 
$¢4 BNNNPF CAN (R) (1) 
BPPNNF GO (R) (L) 
@O6 BPPNNF HERE (R) () 
255 BPPPNF END®@M 


LEADER ‘9! TRAILER 
wn 


— 


eooo0g0000000 ©0090 000000 


ooao 





ed 
4'P’s OR’N's LF 


4‘P's OR ‘N's 


OPTIONAL COMMENTS MAY BE INSERTED HERE 
BPM-034 
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Am27S820 * Am27S21 


APPLYING THE Am27S20/21 . ; 


Typical application of the Am27S20/21 is shown below. The 
Am27S20/21’s are employed as mapping ROMs in a micro- 
program computer control unit. The eight-bit macroinstruction 
from main memory is brought into the Ap_7 inputs of the 
mapping ROM array. The instruction is mapped into a 12-bit 
address space with each PROM output supplying 4 bits. The 
12 bits of address are then supplied to the “D” inputs of the 
Am2910 as a possible next address source for microprogram 





MACRO 
INSTRUCTION 


OF CODE Am27820 









Am27821 


Am27S20 
Am27821 


Am27S20 
~  Am27821 


MICROPROGRAMMING INSTRUCTION MAPPING 


memory. The MAP output of the Am2910 is connected to the 
CS, input of the Am27S20/21 such that when the CS, input is 
HIGH, the outputs of the PROMs are either HIGH in the case 
of the Am27S20 or in the three-state mode in the case of the 
Am27S21. In both cases the CS, input is grounded, thus data 
from other sources are free to drive the D inputs of the 
Am2910 when MAP is HIGH. 


OTHER DATA INPUTS 


12 MICROPROGRAM 
MEMORY 
ADDRESS 
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BPM-035 


Am27S25 


4096-Bit Generic Series Bipolar PROM 


DISTINCTIVE CHARACTERISTICS 


@ On chip edge triggered registers -- Ideal for pipelined 
microprogrammed systems 


e@ Versatile synchronous and asynchronous enables for 
simplified word expansion 

© Buffered common asynchronous PRESET and CLEAR inputs 

®@ Space saving 24-pin package with 300 mil lateral centers 

e Predetermined OFF outputs on power-up 

e Fast 50ns address setup and 20ns clock to output times 

® Exceilent performance over the military range 

@ Performance pretested with N? patterns 

@ Highly reliable, ultra-fast programming Piatinum-Silicide fuses 

@ High programming yield 

e Low current PNP inputs 

e High current three-state outputs 

@ Common Generic PROM Series characteristics and 


programming procedures 


BLOCK DIAGRAM 


COLUMN TEST RAIL 


64 X 64 
PROGRAMMABLE 
1 OF 64 ARRAY 
ROW 
DECODER 


ROW TEST RAIL 


TEST WORD 0 


TEST WORD 1 


Pssrwonos | 
UU UU UG UG 


10F8 
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21 
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18 
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Am27825 
4K REGISTERED PROM 


















Q, Q2 Q3 Qy Qs Qs Q, 


9 10 1% #13 14 #15 16 17 Voc = Pin 24 


BPM-072 GND = Pin 12 BPM-073 Note: Pin 1 is marked for orientation. 
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FUNCTIONAL DESCRIPTION 


The Am27S25 is an electrically programmable Schottky TTL read only 
memory incorporating true D-type, master-slave data registers on chip. 


- This device features the versatile 512 word by 8 bit organization and is 


available in the three-state Am27S25 output version. Designed to op- 
timize system performance, this device also substantially reduces the 
cost and size of pipelined microprogrammed systems and other designs 
wherein accessed PROM data is temporarily stored in a register. The 
Am27S25 also offers maximal flexibility for memory expansion and data 
bus control by providing both synchronous and asynchronous output 
enables. 


When Vcc poweris first applied, the synchronous enable (Eo) flip-flop will 
be in the set condition causing the outputs, Qg-Qz7, to be in the OFF or high 
impedance state. Reading data is accomplished by first applying the 
binary word address to the address inputs, Ag-Ag, and a logic LOW to the 
synchronous output enable, Eo. During the address setup time, stored 
data is accessed and loaded into the master flip-flops of the data register. 
Since the synchronous enable setup time is less than the address setup 
requirement, additional decoding delays may occur in the enable path 
without reducing memory performance. Upon the next LOW-to-HIGH 
transition of the clock, CP, data is transferred to the slave flip-flops which 
drive the output buffers. Providing the asynchronous enable, E;, is also 
LOW, stored data will appear on the outputs, Qg-Q7. If E> is HIGH when 
the positive clock edge occurs, outputs go to the OFF or high impedance 
state. The outputs may be disabled at any time by switching E, to a HIGH 
level. Following the positive clock edge, the address and synchronous 
enable inputs are free to change; changes do not affect the outputs until 
another positive clock edge occurs. This unique feature allows the PROM 


- decoders and sense amplifiers to access the next location while previ- 


ously addressed data remains stable on the outputs. For less complex 
applications either enable may be effectively eliminated by tying it to 
ground. 


The on-chip, edge. triggered register simplifies system timing since the 
PROM clock may be derived directly from system clock without introduc- 
ing dangerous race ,conditions. Other register timing requirements are 
similar to those of standard Schottky registers and are easily im- 
plemented. 


The Am27825 has buffered.asynchronous PRESET and CLEAR inputs. 
These functions are common to all registers and are useful during power 
up timeout sequences. With outputs enabled the PS input asserted LOW 
will cause all outputs to be set to a logic 1 (HIGH) state. When the CLR 


input is LOW, the internal flip-flops of the data register are reset and, a 


logic 0 (LOW) will appear on ail outputs. These functions will contro! the 
state of thé data register, Migepencent of all other inputs but exclusive of 
each other. 


CONNECTION DIAGRAM - Top View 


-Noc Ag PSE, CLR Ep CP Q, Qs Qs Q, Q 


Am27S25 
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Am27S825 


GENERIC SERIES CHARACTERISTICS 


The Am27S25 is a member of an Advanced PROM series incor- 
porating common electrical characteristics and programming 
procedures. All parts in this series are produced with a fusible 
link at each memory location storing a logic LOW and can be 
selectively programmed to a logic HIGH by applying appropriate 
voltages to the circuit. 

All parts are fabricated with AMD’s fast programming highly reli- 
able Platinum-Silicide Fuse technology. Utilizing easily im- 
plemented programming (and common programming personality 
card sets) these products can be rapidly programmed to any 
customized pattern. Extra test words are pre-programmed during 
manufacturing to insure extremely high field programming yields, 






Platinum-Silicide was selected as the fuse link material to 
achieve a well controlled melt rate resulting in large non- 
conductive gaps that ensure very stable long term reliability. 
Extensive operating testing has proven that this low-field, large- 
gap technology offers the best reliability for fusible link PROMs. 


Common design features include active loading of all critical AC 
paths regulated by a built-in temperature and voltage compen- 
sated bias network to provide excellent parametric performance 
over MIL supply and temperature ranges. Selective feedback 
techniques have been employed to minimize delays through all 
critical paths producing the fastest speeds possible from 








and produce excellent parametric correlation. Schottky processed PROMs. 





MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature 






—65°C to + 150°C 





Temperature (Ambient) Under Bias 











Supply Voltage to Ground Potential (Pin 24 to Pin 12) Continuous 





~55°C to +125°C 
—0.5V to +7.0V 





DC Voltage Applied to Outputs (Except During Programming) 





—0.5V to +Voec max. 





DC Voltage Applied to Outputs During Programming 


21V 














Output Current into Outputs During Programming (Max. Duration of 1 sec.) 








DC Input Voltage 





DC Input Current 


OPERATING RANGE 


COM'L AM27S25XC 
MIL AM27S25XM 


Ta = 0 to 75°C Vec = 


To = —55 to +126°C Vec = 


5.0V +5% 
5.0V +10% 





ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (unless Otherwise Noted) 
PRELIMINARY DATA 


Typ 


Test Conditions Min (Note 1) 


Voc = MIN., lon = —2.0mA 
Vin = Vin oF Vit 


Parameters Description 


Output HIGH Voltage 


200mA 
—0.5V to +5.5V 





—30mA to +5mA 


Max Units 





Voc = MIN., Io, = 16mA 


Output LOW Voltage 
° 2 Vin = Vin oF Vic 








ap 


input HIGH Level Guaranteed input logical HIGH 


voltage for all inputs 





Guaranteed input logical LOW 


ur ONY Beye voltage for all inputs 





Input LOW Current Voc = MAX., Vin = 0.45V 








Voc = MAX., Vin = 2.7V 


Voc = MAX., Vin = 5.5V 





Input HIGH Current 
Input HIGH Current 





Output Short Circuit Current Vcc = MAX., Vout = 0.0V (Note 2) 





All inputs = GND 


Power Supply Current Voc = MAX. 








Input Clamp Voltage 


Voc = MIN., tin = -~18mA 











Output Leakage Current 











Vin = 2.0V @ f = 1MHz (Note 3) 





Vout = 2.0V @ f = 1MHz (Note 3) 
Notes: 1. Typical limits are at Vcc = 5.0V and Ty = 25°C. 





2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 


3. These parameters are not 100% tested, but are periodically sampled. 
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SWITCHING 


PRELIMINARY DATA 


Parameter 


tprn(CP) 
twi(CP) 
: 
S) 


tpz_(CP) 
tpzu(CP) 
tpz.(E}) 

tpzH(E4) 
tpiz(CP) 
tpuz(CP) 


tpiz(E}) 
tpHz(E4) 


( 
( 


CHARACTERISTICS OVER OPERATING RANGE 


Am27S825 


Ta = 25°C 
Voc = 5.0V COM’L MIL. 
Description Test Conditions Typ Max Min Max Units 


Address to CP (HIGH) Setup Time 
Address to CP (HIGH) Hold Time 


—_ 
a 








Delay from CP (HIGH) to Output 
(HIGH or LOW) 


CP Width (HIGH or LOW) 








: - | 
a 


Ep to CP (HIGH) Setup Time C, = 30pF 









= S, closed. 
Ep to CP (HIGH) Hold Time (See AC Test 
Delay from PS (LOW) to Output (HIGH) 

















Delay from CLR (LOW) to Output (LOW) 
PRESET Pulse Width (LOW) 





CLEAR Pulse Width (LOW) 












PS Recovery (Inactive) to 








CLR Recovery (Inactive) to @jock (HIGH) 


Delay from CP (HIGH) to Active Output 
(HIGH or LOW) 


Delay from E, (LOW) to Active Output 
(HIGH or LOW) 






and open for tpzy 


$1 is closed for tpz,. Tm | 




















Delay from CP (HIGH) to Inactive Output 


(OFF or high Impedance) C. = 5pF (Note 1) =e 











S, closed for tpyz 


Delay from E, (HIGH) to Inactive Output and open for tpyz " 39 


(OFF or high impedance) 


° ] 
= 
s 





Notes: 1. tpyz and tp_z are measured to the Voy, — 0.5V and Vo, + 0.5V output levels respectively. All other switching parameters are tested from and 


to the 1 


.5V threshold levels. 


2. Tests are performed with input 10 to 90% rise and fall times of 5ns or less. 


Ao-Ag 


E, 


Qq-Q7 


tein (PS) 
tpHlC! 


BPM-074 


BPM-075 





SWITCHING WAVEFORMS 








= t(Ep) 








+ typ) vse 








LA) 






KEY TO TIMING DIAGRAM 


WAVEFORM INPUTS outputs | wAverorm INPUTS OUTPUTS 
we 81 must ee WILL BE ANY CHANGE STATE 
At PERMITTED UNKNOWN 
3008) 
Mires CENTER 
OUTPUT DOES NOT LINE 1S HIGH 
hand ae CHANGING Ha APPLY IMPEDANCE 
FROM H TOL “OFF” STATE 


A2 


FROMLTOH — EROML TOH 


Gh | 6001) 
+ WILL BE 
= IT MAY CHANGE CaanciNng 
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Am27S25 


PROGRAMMING 


The Am27S25 is manufactured with a conductive Platinum- 
Silicide link at each bit location. The output of the memory with 
the link in place is LOW. The fusible links are opened one at a 
time by passing current through them from a 20 volt supply 
which is applied to the memory output after the Ey input is ata 
logic HIGH. Current is gated through the addressed fuse by 
raising the E, input from a logic HIGH to 15 volts. After 50 usec, 
the 20 volt supply is removed, the chip is enabled and the CP 
input is clocked. Each data verification attempt must be pre- 
ceded by a positive going (LOW-to-HIGH) clock edge to load the 
array data into the on-chip register. The output level is then 
sensed to determine if the link has opened. Most links will open 
within 50 wsec. Occasionally a link will be stronger and require 
additional programming cycles. The recommended duration of 
additional programming periods is 5 msec. If a link has not 
opened after a total elapsed programming time of 400 msec, 
further programming of the device should not be attempted. 
Successive links are programmed in the same manner until all 
desired bit locations have been programmed to the HIGH level. 


Typical current into an output during programming will be approx- 
imately 140mA until the fuse link is opened, after which the 


PROGRAMMING PARAMETERS 


Parameter 


Description 
Vec During Programming 


current drops to approximately 40mA. Current into the E, pin 
when it is raised to 15 volts is typically 1.5mA. 


The memories may become hot during programming due to the 
large currents being passed. Programming cycles should not be 
continuously applied to one device more than 5 seconds to avoid 
heat damage. If this programming time is exceeded, all power to 
the chip including Vcc should be removed for a period of 5 
seconds after which programming may be resumed. 


When all programming has been completed, the data content of 
the memory should be verified by clocking and reading all words. 
Occasionally this verification will show that an extra undesired 
link has been fused. Should this occur, immediately check the 
programming equipment to make sure that all device pins are 
firmly contacting the programming socket, that the input signal 
levels exhibit sufficient noise margins, and that the programming 
voltages are within the specified limits. All of these conditions 
must be maintained during programming. AMD PROMs are 
thoroughly tested to minimize unwanted fusing; fusing extra bits 
is generally related to programming equipment problems. 


Min Units 








Input HIGH Level During Programming 






Input LOW Level During Programming 


E, Voltage During Programming 








Output Voltage During Programming 


Voltage on Outputs Not to be Programmed 







































Current into Outputs Not to be Programmed mA 

Rate of Output Voltage Change a V/psec 

~ d(Ven)/dt Rate of E, Voltage Change V/psec 
- Programming Period — First Attempt wSeC 











Programming Period — Subsequent Attempts 








Notes: 1. All delays between edges are specified from completion of the first edge to beginning of the second edge; ie., not to the midpoints. 
2. Delays t, through tg must be greater than 100 ns; maximum delays of 1 zsec are recommended to minimize heating during programming. 
3. During ty, a user defined period, the output being programmed is switched to the load R and read to determine if additional pulses are 
required. 
4. Outputs not being programmed are connected to Vonp through resistor R which provides output current limiting. 
5. PS and CLR must be connected to Vijyp during programming. 
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PROGRAMMING EQUIPMENT 


Generic programming boards and device adapters are avail- 
able from the sources listed below. In each case, the pro- 
gramming boards are used in these manufacturer's automatic 


SOURCE AND LOCATION 


PROGRAMMER MODEL(S) 


AMD GENERIC BIPOLAR 909-1286-1 PM9058 

PROM PERSONALITY BOARD 

Am27S825 715-1617 PA24-16 and 512 x 8 (L) 
ADAPTERS AND 

CONFIGURATOR 


OBTAINING PROGRAMMED UNITS 


Programmed devices may be purchased from your distributor or 
Advanced Micro Devices. The program data should be submitted 
in the form of a punched paper tape and must be accompanied by 
a written truth table. The punched tape-can be delivered with your 
order or may be transmitted over a TWX machine or time-sharing 
terminal. ASCII BPNF is our preferred paper tape format. 


ASCII BPNF 


An example of an ASCII tape in the BPNF format is shown below. 
They can be punched on any Teletype® or on a TWX or Telex 
machine. The format chosen provides relatively good error detec- 
tion. Paper tapes must consist of: 


1. A leader of at least 25 rubouts. 
2. The data patterns for all 512 words, starting with word 0, in the 
following format: 
a. Any characters, including carriage return and line feed, 
except “B”’. 
. The letter “B”, indicating the beginning of the data word. 
. A-sequence of eight Ps or Ns, starting with output Q,. 
. The letter “F’, indicating the finish of the data word. 
. Any text, including carriage return and line feed, except th 
letter “B”. 


nao oe 


TYPICAL PAPER TAPE FORMAT 


$9  BPNPPNNNPF WORD ZERO (R) (D) 
BPPPPPPNNF COMMENT FIELD (R) (2) 

$g2  BNNNPPPPNF ANY (R) () 
BNNNNNNNNF TEXT (R) (L) 

Q¢4 BPNNNNNNPF CAN (R) (L) 
BNPPNPPNNF GO (R) (1) 

$6 BPNNPPPNNF HERE (R) @) 

511 BNNNNPPPNF END(®) @ 


(R)= CARRIAGE RETURN 
(= LINE FEED 








LEADER 
ee 





oo0ooa000g0000 


oo00 
eoo0o°0 


ooo00 


° eoo00 ° 





a 
8 ‘P's OR ‘N's 





Data I/O Corp. 
P.O. Box 308 
Issaquah, Wash. 98027 


Model 5,.7 and 9 


eoocoo00 oud 
e000 

ooooc 0 
eoecereseeereeeerese ee eeeeeeeeeeeeeees eee ee eseeeeeseeeaneeeeveneese 
eoo0oe00c 00 
eooogco 


—e 
8 ‘P's OR ‘N's 


OPTIONAL COMMENTS MAY BE INSERTED HERE 


Am27S25 












































programmers to program all AMD generic series bipolar 
PROMs; individual adapters are required for each basic part 
type in the series. 


Pro-Log Corp. 
2411 Garden Road 
Monterey, Ca. 93940 


M900 and M920 


Truth tables are also acceptable, however, much less desirable 
especially for larger density PROMs. Submission of a truth table 
requires the generation of a punched paper tape at the distributor 
or factory resulting in longer lead times, greater possibility of 
error, and higher cost. 


3. A trailer of at least 25 rubouts. 


AP is aHIGH logic level = 2.4 voits. 
An N is a LOW logic level = 0.4 volts. 


Aconvenient pattern to use for the data words is to prefix the word 
(or every few words) with the word number, then type the data 
word, then a comment, then carriage return and line feed as 
shown below. There must be no characters between the B and 
the F except for the eight Ps and Ns. If an error is made in a word, 
the entire word must be cancelled with rubouts back to the letter 
B, then the word re-typed beginning with the B. 


When TWxing your tape, be sure the tape is in even parity. Parity 
is not necessary if the tape is mailed. 


RESULTING DEVICE TRUTH TABLE 
(E, AND E, LOW, PS AND CLR HIGH) 


Ag A7 Ag As Ag A3 Az A; Ao Q, Qg Qs Q, Q3 Qo Q, Qo 


bike VEY CL, ats. be IB, Sie AB H oL 
bok ok Ge ike Ee lk HH H H 
bE Lk FE LE -E LE LC HL LOL 
LE bk L L ~L t L H oH LoL 
Lb bk -E LoebL LE H LoL HL 
L Lo Eo LE L LH LE oH L oH 
LE bL LE bE & L H HL HL 
° 
H H H H H H H H H LoL 








TRAILER 


— 









oo 













LF 
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APPLYING THE Am27S25 IN BIPOLAR 
MICROCOMPUTERS 


With the advent of the Am2901 and Am2903 4-bit micropro- 
cessor slices, the Am2910 bipolar microprogram sequencer 
and the Am27S25 registered PROM, the design engineer can 
upgrade the performance of existing systems or implement new 
system taking advantage of the latest state-of-the-art technology 
in Low-Power Schottky integrated circuits. These devices, how- 
ever, utilize a new concept in machine design not familar to 
many design engineers. This technique is called 
microprogramming. 


Basically, a microprogrammed machine is one in which a coher- 
ent sequence of microinstructions is used to execute various 
commands required by the machine. If the machine is a com- 
puter, each sequence of microinstructions can be made to exe- 
cute a machine instruction. All of the little elemental tasks per- 
formed by the machine in executing the machine instruction are 
called microinstructions. The storage area for these microinstruc- 
tions is usually called the microprogram memory. 
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INSTRUCTION REGISTER 
OP CODE OTHER 
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MAPPING PROMS 
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Figure 1. A Typical Computer Control Unit Using the Am27S25. 
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APPLYING THE Am27S25 IN BIPOLAR 
MICROCOMPUTERS (Cont.) 





A microinstruction usually has two primary parts. These are: (1) 
the definition and control of all elemental micro-operations to be 
carried out and (2) the definition and control of the address of the 
next microinstruction to be executed. 


The definition of the various micro-operations to be carried out 
usually includes such things as ALU source operand selection, 
ALU function, ALU destination, carry control, shift control, inter- 
rupt control, data-in and data-out control, and so forth. The defi- 
nition of the next microinstruction function usually includes iden- 
tifying the source selection of the next microinstruction address 
and, in some cases, supplying the actual value of that micro- 
instruction address. ; 


Microprogrammed machines are usually distinguished from 
non-microprogrammed machines in the following manner. Older, 
non-microprogrammed machines implemented the control func- 
tion by using combinations of gates and flip-flops connected in a 
somewhat random fashion in order to generate the required 
timing and control signals for the machine. Microprogrammed 
machines, on the other hand, are normally considered highly 
ordered, particularly with regard to the control function field, and 
use high speed PROM'’s for contro! definition. In its simplest 
definition, a microprogram control unit consists of the micropro- 
gram memory and the structure required to determine the ad- 
dress of the next microinstruction. 


The microprogram memory control unit block diagram of Figure 
1 is easily implemented using the Am2910 and the Am27S25 
registered PROMS. This architecture provides a structured state 
machine design capable of executing many highly sophisticated 
next address control instructions. The Am2910 contains a next 
address multiplexer that provides four different inputs from 
which the address of the next microinstruction can be selected. 
These are the direct input (D), the register input (R), the program 
counter (PC), and file (F). The starting address decoder (map- 
ping PROM) output and the Am27S25’s pipeline register output 
are connected together at the D input to the Am2910 and are 
operated in the three-state mode. 


The architecture of Figure 1 shows an instruction register capable 
of being loaded with a machine instruction word from the data 
bus. The op code portion of the instruction is decoded using a 
mapping PROM to arrive at a starting address for the micro- 
instruction sequence required to execute the machine instruc- 
tion. When the microprogram memory address is to be the first 
microinstruction of the machine instruction sequence, the 
Am2910 next address control selects the multiplexer D input and 
enables the three-state output from the mapping PROM. When 
the current microinstruction being executed is selecting the next 
microinstruction address as a JUMP function, the JUMP address 
will be available at the multiplexer D input. This is accomplished 
by having the Am2910 select the next address multiplexer D input 
and also enabling the three-state output of the pipeline register 
branch address field. The register enable input to the Am2910 
can be grounded so that this register will load the value at the 
Am2910 D input. The value at D is clocked into the Am2910’s 
register (R) at the end of the current microcycie, which makes the 
D value of this microcycle available as the R value of the next 
microcyle. Thus, by using the branch address field of two sequen- 
tial microinstructions, a conditional JUMP-TO-ONE-OF-TWO- 
SUBROUTINES or a conditional JUMP-TO-ONE-OF-TWO- 
BRANCH-ADDRESSES can be executed by either selecting the 
D input or the R input of the next address multiplexer. 


When sequencing through continuous microinstructions in the 
Am27S25 microprogram memory, the program counter in the 





Am27S825 


Am2910 is used. Here, the control logic simply selects the PC 
input of the next address multiplexer. In addition, most of these 
instructions enable the three-state outputs of the Am27S25 
pipeline register associated with the branch address field, which 
allows the register within the Am2910 to be loaded. The 5 x 12 
stack in the Am2910 is used for looping and subroutining in 
microprogram operations. Up to five levels of subroutines or 
loops can be nested. Also, loops and subroutines can be inter- 
mixed as long as the five word depth of the stack is not exceeded. 


The Am27S25 contains a PRESET (PS) and a CLEAR (CLR) 
function that is useful for power-up operations and other initiali- 
zation functions. These signals can also be used to provide 
“trap” jumps to the ail zeros or ones addresses in microprogram 
memory. 


The expansion scheme for increasing the depth of Am27S25 is 
shown in Figure 2. Note that no speed degradation results when 
devices are cascaded. This is because the decode of the 
Am74S8139 is in parallel with the PROM access time. 


In order to provide an overall view of a typical Am2900 Bipolar 
Microprocessor, the block diagram of Figure 3 is presented. 
Here, the computer contro! unit (CCU) using the Am2910 and 
Am27S825 registered PROMs is depicted. In addition, the typical 
connection scheme for the Am2903 Bipolar Microprocessor 
slices is shown. The four Am2903 devices in the block diagram 
form a typical 16-bit architecture. Also shown in Figure 3 is the 
general connection for the Am2914 Priority Interrupt Controller 
and the Am2920 as a Memory Address Register. 


The block diagram also shows the Am2917 as the bus interface 
unit. Note that the Am2917 can interface directly with a data bus 
and the drive levels and receive levels are such that the instruc- 
tion register can be built using standard Low-Power Schottky 
devices. This is possible because the receiver threshold on the 
Am2917 is designed identically to the thresholds on standard 
power Schottky and the Low-Power Schottky devices. 
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Figure 2. Word Expansion Scheme for the Am27S25. 
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USING THE Am27S25 IN A PIPELINED ARCHITECTURE 











STATUS 
REGISTER 


A Register at the Microprogram Memory output contains the One level pipeline provides better speed than the architecture to 
microinstruction being executed. The microprogram memory and the left. The Microprogram Memory and the Am2903 array are in 
Am2903 delay are in series. Conditional branches are executed parallel speed paths instead of in series. This is the recom- 
on same cycle as the ALU operation generating the condition. mended architecture for Am2900 designs. Note that the 


Arn27S25 reduces the parts count of the microprogram mem- 


ory/pipeline by a factor of two. 
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Am27S26 


Am27S27 


4096-Bit Generic Series Bipolar PROM 


DISTINCTIVE CHARACTERISTICS 


e On chip edge triggered registers — Ideal for pipelined 
microprogrammed systems 

@ Versatile synchronous and asynchronous enables for 

simplified word expansion 

Predetermined OFF outputs on power-up 

Fast 50ns address setup and 20ns clock to output times 

Excellent performance over ne military range 

Performance pretested with N2 patterns 

Space saving 22 pin package 

Highly reliable, ultra-fast programming Platinum-Silicide fuses 

High programming yield 

Low current PNP inputs 

High current open collector and three-state outputs 

Common Generic PROM Series characteristics and pro- 

gramming procedures 


BLOCK DIAGRAM 


COLUMN TEST RAIL 


64 x 64 
PROGRAMMABLE 
ARRAY 


TEST WORD 0 


TEST WORD 1 


[resrwonmy 
VU UY 


8x 1 OF 8 MULTIPLEXER 
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LOGIC SYMBOL 


19 20 21 1 23 4 5 6 






Ag Ai Ag Ag Ag As Ag Az Ag 







Am27826/27 
4K REGISTERED PROM 







Qo Qy Go G3 Qy Qs Qg Q, 








































FUNCTIONAL DESCRIPTION 


The Am27S26 and Am27S27 are electrically programmable 
Schottky TTL read only memories incorporating true D-type, 
master-slave data registers on chip. These devices feature the 
versatile 512 word by 8 bit organization and are available in both 
the open collector Am27S26 and three-state Am27S27 output 
versions. Designed to optimize system performance, these de- 
vices also substantially reduce the cost of pipelined micropro- 
grammed system and other designs wherein accessed PROM 
data is temporarily stored in a register. The Am27S26 and 
Am27S27 also offer maximal flexibility for memory expansion 
and data bus control by providing both synchronous and asyn- 
chronous output enables. 














When Vcc power is first applied, the synchronous enable (E>) 
flip-flop will be in the set condition causing the outputs, Qo-Qz,, to 
be in the OFF or high impedance state, eliminating the need for a 
register clear input. Reading data is accomplished by first apply- 
ing the binary word address to the address inputs, Ap-Ag, and a 
logic LOW. to the synchronous output enable, Ez. During the 
address setup time, stored data is accessed and loaded into the 
master flip-flops of the data register. Since the synchronous 
enable setup time is less than the address setup requirement, 
additional decoding delays may occur in the enable path without 
reducing memory performance. Upon the next LOW-to-HIGH 
transition of the clock, CP, data is transferred to the slave flip- 
flops which drive the output buffers. Providing the asynchronous 
enable, E,, is also LOW, stored data will appear on the outputs, 
Qo-Q7. If Ez is HIGH when the positive clock edge occurs, outputs 
go to the OFF or high impedance state. The outputs may be 
disabled at any time by switching E, to a HIGH level. Following 
the positive clock edge, the address and synchronous enable 
inputs are free to change; changes do not affect the outputs until 
another positive clock edge occurs. This unique feature allows 
the PROM decoders and sense amplifiers to access the next 
location while previously addressed data remains stable on the 
outputs. For less complex applications either enable may be 
effectively eliminated by tying it to ground. 


The on-chip, edge triggered register simplifies system timing 
since the PROM clock may be derived directly from system clock 
without introducing dangerous race conditions. Other register 
timing requirements are similar to those of standard Schottky 
registers and are easily implemented. 

































































CONNECTION DIAGRAM 
Top View 









Voc Ag E, Eo 








Ay Ag 








CP Q7 Qg Qs Qy 
















Voc = Pin 22 Ag As Ag Az Ag Qo Q@; Qo Q3 GND 
7 8 9 10 12 13 14 16 GND = Pin 11 
Note: Pin 1 is marked for orientation. 
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GENERIC SERIES CHARACTERISTICS 


The Am27S26 and Am27S27 are members of an Advanced 
PROM series incorporating common electrical characteristics 
and programming procedures. All parts in this series are pro- 
duced with a fusible link at each memory location storing a logic 
LOW and can be selectively programmed to a logic HIGH by 
applying appropriate voltages to the circuit. 






All parts are fabricated with AMD's fast programming highly reli- 
able Platinum-Silicide Fuse technology. Utilizing easily im- 
plemented programming (and common programming personality 
card sets) these prodacts can be rapidly programmed to any 
customized pattern. Extra test words are pre-programmed during 
manufacturing to insure extremely high field programming yields, 
and produce excellent parametric correlation. 











Am27826 « Am27S27 


Platinum-Silicide was selected as the fuse link. material to 
achieve a well controlled melt rate resulting in large non- 
conductive gaps that ensure very stable long term reliability. 
Extensive operating testing has proven that this low-field, large- 
gap technology offers the best reliability for fusible link PROMs. 


Common design features include active loading of all critical AC 
paths regulated by a built-in temperature and voltage compen- 
sated bias network to provide excellent parametric performance 
over MIL supply and temperature ranges. Selective feedback 
techniques have been employed to minimize delays through all 
critical paths producing the fastest speeds possible from 
Schottky processed PROMs. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 


ee 


Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 
DC Voltage Applied to Outputs (Except During Programming) 
DC Voltage Applied to Outputs During Programming 


ee eee eg a gs We ee 
Output Current into Outputs During Programming (Max. Duration of 1 sec.) 


DC Input Voltage 
DC Input Current 


—65°C to +150°C 


—55°C to +125°C 


rn ERNE 


—0.5V to +7.0V 


ee EU aaE UES 


—0.5V to +Voc max. 


i 


21V 

200mA 

—0.5V to +5.5V 
—30mA to +5mA 


nt 


i 








OPERATING RANGE 


COM'L AM27S26XC, AM27S27XC 
MIL AM27S26XM, AM27S27XM 










Ta = 0°C to +75°C 





To = 55°C to +125°C 





Voc = 5.0V +5% 
Voc = 5.0V +10% 





ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 


PRELIMINARY DATA 


Parameters Description 





Test Conditions 


Typ. 


(Note 1) Max. Units 














Vou 
(Am27S27 only) 






Output HIGH Voltage 
Output LOW Voltage 


Input HIGH Level 














Input LOW Level 






Input LOW Current 
Input HIGH Current 
Input HIGH Current 


Isc aS 
(Am27827 only) Output Short Circuit Current 






Power Supply Current 


Input Clamp Voltage 











Icex Output Leakage Current 
Cin input Capacitance 
Cout Output Capacitance 





' Guaranteed input logical HIGH — 


Vec = MIN., low = —2.0MA 
Vin = Vin or Vin 
















Vec = MIN., lo, = 16mA 
Vin = Vin or Vit: 














voltage for all inputs 


Guaranteed input logical OW 
voltage for all inputs 


Veo = MAX., Vin = 0.45V 








Voc = MAX., Vin = 2.7V 
Voc = MAX., Vin = 5.5V 





Veco = MAX., Vout = 0.0V (Note 2) 













All inputs = GND 
Voc = MAX. 


Voc = MiIN., lin = —18mA 














Am27S27 
Only 

















Vin = 2.0V @ f = 1MHz (Note 3) 
Vout = 2.0V @ f = 1MHz (Note 3) 










‘Notes: 1. Typical limits are at Voc = 5.0V and Ta = 25°C. 
2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 
3. These parameters are not 100% tested, but are periodically sampled. 
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SWITCHING CHARACTERISTICS OVER OPERATING RANGE 
PRELIMINARY DATA 


Parameter 


Typ 
5V COM’L MIL 
Description Test Conditions 25°C Min Max Min Max Units 


Address to CP (HIGH) Setup Time 





Address to CP (HIGH) Hold Time 











Delay from CP (HIGH) to Output Cy = 30pF 

(HIGH or LOW) $1 closed. 
= (See AC Test 

CP Width (HIGH or LOW) Load below) 





E> to CP (HIGH) Setup Time 








E> to CP (HIGH) Hold Time 





| 
Delay from CP (HIGH) to Active 








Output (HIGH or LOW) (Note 1) CL = S0pF 
: a = an S1 closed for tpz, 
Delay from E, (LOW) to Active and open for tpzy 


Output (HIGH or LOW) (Note 1) 

















S, closed for tpyz 





tpypz(CP) Delay from CP (HIGH) to Inactive 

tpyz(CP) | Output (OFF or high impedance) (Note 1) | Ct = SPF (Note 2) 
tpiz(E+) Delay from E, (HiGH) to Inactive and open for tpyz 
tpyz7(E1) Output (OFF or high Impedance) (Note 1) 








Notes: 1. tpyjz and tpzy, apply to the three-state Am27S27 only. 
2. tpyz and tp_z are measured to the Voy — 0.5V and Vo, + 0.5V output levels respectively. All other switching parameters are tested from and 
to the 1.5V threshold levels. 
3. Tests are performed with input 10 to 90% rise and fall times of 5ns or less. 


Ag-Ag 


ce 


Qo-Q7 






SWITCHING WAVEFORMS 


“tg (Ea) 


twi(CP) 


AC TEST LOAD KEY TO TIMING DIAGRAM 


WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS 
Vec ener <a DON'T CARE; CHANGING; 
si plied ay ANY CHANGE STATE 
Rt PERMITTED UNKNOWN 
30011 
OUTPUT WILL BE CENTER 
MAY CHANGE DOES NOT LINE IS HiGH 
FROMHTOL CHANGING HK APPLY IMPEDANCE 
R2 FROM H TOL “OFF” STATE 


MAY CHANGE 
CHANGING 
FROMLTOH = EROML TO H 


‘ WW 
e if 60022 : 
= or LH WILL BE 
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PROGRAMMING 


The Am27S26 and Am27S27 are manufactured with a conduc- 
tive Platinum-Silicide link at each bit location. The output of the 
memory with the link in place is LOW. The fusible links are 
opened one at a time by passing current through them from a 20 
volt ‘supply which is applied to the memory output after the E, 
input is at a logic HIGH. Current is gated through the addressed 
fuse by raising the E, input from a logic HIGH to 15 volts. After 
50 usec, the 20 volt supply is removed, the chip is enabled and 
the CP input is clocked. Each data verification attempt must be 
preceded by a positive going (LOW-to-HIGH) clock edge to load 
the array data into the on-chip register. The output level is then 
sensed to determine if the link has opened. Most links will open 
within 50 usec. Occasionally a link will be stronger and require 
additional programming cycles. The recommended duration of 
additional programming periods is 5 msec. If a link has not 
opened after a total elapsed programming time of 400 msec, 
further programming of the device should not be attempted. Suc- 
cessive links are programmed in the same manner until all de- 
sired bit locations have been programmed to the HIGH level. 


Typical current into an output during programming will be approx- 
imately 140mA until the fuse link is opened, after which the 





PROGRAMMING PARAMETERS 


Am27S826 ¢ Am27S27 





current drops to approximately 40mA. Current into the E, pin 
when it is raised to 15 volts is typically 1.5mA. 


The memories may become hot during programming due to the 
large currents being passed. Programming cycles should not be 
continuously applied to one device more than 5 seconds to avoid 
heat damage. If this programming time is exceeded, all power to 
the chip including Vcc should be removed for a period of 5 
seconds after which programming may be resumed. 


When all programming has been completed, the data content of 
the memory should be verified by clocking and reading all words. 
Occasionally this verification will show that an extra undesired 
link has been fused. Should this occur, immediately check the 
programming equipment to make sure that all device pins are 
firmly contacting the programming socket, that the input signal 
levels exhibit sufficient noise margins, and that the programming 
voltages are within the specified limits. All of these conditions 
must be maintained during programming. AMD PROMs are 
thoroughly tested to minimize unwanted fusing; fusing extra bits 
is generally related to programming equipment problems. 






































Parameter Description Min. Max. 
Vocp . Voc During Programming 
"Whigs Input HIGH Level During Programming _ 
Niee Input LOW Level During Programming 
VENP E, Voltage During Programming aan 
Vop Output Voltage During Programming Sp eee age ee 
Vonp Voltage on Outputs Not to be Programmed - 
lonp Current into Outputs Not to be Programmed 
d(Vop)/dt Rate of Output Voltage Change —iti—~S 
d(Ven)/dt Rate of E, Voltage Change yt tae e 
tp Programming Period — First Attempt a ian > 
Programming Period — Subsequent Attempts 
Notes: 1. All delays between edges are specified from completion of the first edge to beginning of the second edge; i.e., not to the midpoints. 


2. Delays t, through tg must be greater than 100 ns; maximum delays of 1 wsec are recommended to minimize heating during programming. 
3. During ty, a user defined period, the output being programmed is switched to the load R and read to determine if additional pulses are 


required, 


4. Outputs not being programmed are connected to Vonp through resistor R which provides output current limiting. 


PROGRAMMING WAVEFORMS 


ViHP 
ADDRESS SELECTED ADDRESS STABLE 
INPUTS - : ViLP 
d 
-at (VEN) 


ty = 
Vv 
-! STI 
| OUTPUT cr 


NL. 4 von 
VERIFY 
“vere Yo Vou 


tge—e 
—|——_ Vine 
cP Se ea Vite 


cLocK 
b~_—____—. PROGRAMMING CYCLE -_—————->| 





E 
ENABLE 









PROGRAMMED 
OUTPUT 
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SIMPLIFIED PROGRAMMING DIAGRAM 


Voce Vonp 






Am27S26 


OR 
Am27S27 


BPM-042 
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PROGRAMMING EQUIPMENT 


Generic programming boards and device adapters are avail- 
able from the sources listed below. in each case, the pro- 
gramming boards are used in these manufacturer's automatic — 


SOURCE AND LOCATION Data I/O Corp. 
P.O. Box 308 
Issaquah, Wash. 98027 


programmers to program all AMD generic series bipolar 
PROMs; individual adapters are required for each basic part 
type in the series. 

Pro-Log Corp. 


2411 Garden Road 
Monterey, Ca. 93940 


PROGRAMMER MODEL(S) 


AMD GENERIC BIPOLAR 909-1286-1 
PROM PERSONALITY BOARD 
Am27S26 « Am27S27 715-1412-2 


ADAPTERS AND 
CONFIGURATOR 


OBTAINING PROGRAMMED UNITS 


Programmed devices may be purchased from your distributor or 
Advanced Micro Devices. The program data should be submitted 
in the form of a punched paper tape and must be accompanied by 
awritten truth table. The punched tape can be delivered with your 
order or may be transmitted over a TWX machine or time-sharing 
terminal. ASCII BPNF is our preferred paper tape format. 


ASCIl BPNF 


An example of an ASCIil tape in the BPNF format is shown below. 
They can be punched on any Teletype® or on a TWX or Telex 
machine. The format chosen provides relatively good error detec- 
tion. Paper tapes must consist of: 


1. A leader of at least 25 rubouts. 
2. The data patterns for all 512 words, starting with word 0, in the 
following format: 
a. Any characters, including carriage return and line feed, 
except “B”. 
. The letter “B”, indicating the beginning of the data word. 
. A sequence of eight Ps or Ns, starting with output Q7. 
. The letter “F”, indicating the finish of the data word. 
. Any text, including carriage return and line feed, except the 
letter “B”. 


TYPICAL PAPER TAPE FORMAT 


g¢d BPNPPNNNPF WORD ZERO (R) © 



























BPPPPPPNNF COMMENT FIELD (R) © 
g¢2  BNNNPPPPNF ANY (R) ©) iy 4 he a Se 8 H LH HLL tH 
NNNNNNNNF ae WE Oe Bo. a A OR Hi Oe 
—(_ a ee be Oe Ee: Ae Ye L oLotLHH HHL 
#9 ©) Lo-LbL tL LL LH H be ie ie, eS ae 
BNPPNPPNNF GO (R) (1) Cote Ee a a A Ee et 
$66 BPNNPPENNF HERE (R) ©) Eo Le Ee ee L HH LHHEL EL 
i | Meee hees es : "lie ges aes a a Oe ae H LL HH HLL 
511 BNNNNPPPNF END (®) @) : : 
(R) = CARRIAGE RETURN H H H H H H H H H LobLo-LLH HHL 
(L)= LINE FEED 
ASCII PAPER TAPE 
ASCil ‘B’ ASCH ‘8’ ‘F 
LEADER WORD ‘0’ . cR TRAILER 
oeo000000000 eood0og00 000 
ooo°o eoooo oo 
eooo0o eooo0o°o ° 
Mee eee eee eee eee ee ee Bea cig fe hy ede eee me Pe 
° eoo00o0 o oo0g0 
come ane” 
8 ‘P's OR ‘N's 8 ‘P's OR ‘N's LF 
OPTIONAL COMMENTS MAY BE INSERTED HERE 
BPM-043 


Model 5, 7 and 9 


M900 and M920 
PM9058 


PA22-4 and 512 x 8 (L) 


Truth tables are also acceptable, however, much less desirable 
especially for larger density PROMs. Submission of a truth table 
requires the generation of a punched paper tape at the distributor 
or factory resulting in longer lead times, greater possibility of 
error, and higher cost. 


3. A trailer ot at least 25 rubouts. 


A P is a HIGH logic level = 2.4 volts. 
An N is a LOW logic ievel = 0.4 volts. 


Aconvenient pattern to use for the data words is to prefix the word 
(or every few words) with the word number, then type the data 
word, then a comment, then carriage return and line feed as 
shown below. There must be no characters between the B and 
the F except for the eight Ps and Ns. If an error is made in a word, 
the entire word must be cancelled with rubouts back to the letter 
B, then the word re-typed beginning with the B. 


When TWxing your tape, be sure the tape is in even parity. Parity 
is not necessary if the tape is mailed. 





RESULTING DEVICE TRUTH TABLE (E, AND E> LOW) 


Ag A7 Ag As Aq Az Az Ay Ao Q7 Qg G5 Q4 Gz Qp Qy Qo 
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APPLYING THE Am27S26 AND Am27S27 IN BIPOLAR 
MICROCOMPUTERS 


With the advent of the Am2901 and Am2903 4-bit microprocessor 
Slices, the Am2910 bipolar microprogram sequencer and the 
Am27S26/27 registered PROM, the design engineer can up- 
grade the performance of existing systems or implement new 
systems taking advantage of the latest state-of-the-art tech- 


Cee 


ADDRESS 


3-Am27S21 
MAPPING PROMS 


OUTPUT 






CARRY 
ovr 12 
ZERO 
MICROPROGRAM 
SIGN COUNTER REGISTER 
INRPT 
Ee D R F PC 
ETC NEXT ADDRESS 
LTIPLEXER 
eM OUTPUT INCREMENTER 
Saas Sa CONTROL | 
12 | 
ADDRESS 
MICROPROGRAM MEMORY | 
Am27826/27'S 
PIPELINE REGISTER 
E, BRANCH NEXT 
O ADDRESS ADDRESS SELECT OTe 


Fig. 1. A Typical Computer Control Unit using the Am27S26/27. 
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INSTRUCTION REGISTER 


OP CODE 


° Am2910 | 


REGISTER/ 
COUNTER 


Am27S826 ¢ Am27S27 


nology in Low-Power Schottky integrated circuits. These de- 
vices, however, utilize a new concept in machine design not 
familiar to many design engineers. This technique is called 
microprogramming. 







“DATA BUS 







SUBROUTINE 
AND LOOP STACK 
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TO 
Am2901 OR 
Am2903, ETC. 
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APPLYING THE Am27S26 and Am27S27 IN BIPOLAR 
MICROCOMPUTERS (Cont.) 


Basically, a microprogrammed machine is one in which a coher- 
ent sequence of microinstructions is used to execute various 
commands required by the machine. If the machine is a com- 
puter, each sequence of microinstructions can be made to exe- 
cute a machine instruction. All of the little elementa! tasks per- 
formed by the machine in executing the machine instruction are 
called microinstructions. The storage area for these microinstruc- 
tions is usually called the microprogram memory. 


A microinstruction usually has two primary parts. These are: (1) 
the definition and contro! of all elemental micro-operations to be 
carried out and (2) the definition and control of the address of the 
next microinstruction to be executed. 


The definition of the various micro-operations to be carried out 
usually includes such things as ALU source operand selection, 
ALU function, ALU destination, carry control, shift control, inter- 
rupt control, data-in and data-out control, and so forth. The defi- 
nition of the next microinstruction function usually includes iden- 
tifying the source selection of the next microinstruction address 
and, in some cases, supplying the actual value of that micro- 
instruction address. 


Microprogrammed machines are usually distinquished from 
non-microprogrammed machines in the following manner. Older, 
non-microprogrammed machines implemented the control func- 
tion by using combinations of gates and flip-flops connected in a 
somewhat random fashion in order to generate the required 
timing and control signals for the machine. Microprogrammed 
machines, on the other hand, are normally considered highly 
ordered, particularly with regard to the control function field, and 
use high speed PROM’s for control definition. In its simplest 
definition, a microprogram control unit consists of the micropro- 
gram memory and the structure required to determine the ad- 
dress of the next microinstruction 


The microprogram memory control unit block diagram of Figure 1 
is easily implemented using the Am2910 and the Am27S26/27 
registered PROM’s. This architecture provides a structured state 
machine design capable of executing many highly sophisticated 
next address control instructions. The Am2910 contains a next 
address multiplexer that provides four different inputs from which 
the address of the next microinstruction can be selected. These 
are the direct input (D), the register input (R), the program counter 
(PC), and the file (F). The starting address decoder (mapping 
PROM) output and the Am27S26/27’'s pipeline register output are 
connected together at the D input to the Am2910 and are oper- 
ated in the three-state mode. 


The architecture of Figure 1 shows an instruction register capable 
of being loaded with a machine instruction word from the data 
bus. The op code portion of the instruction is decoded using a 
mapping PROM to arrive at a starting address for the micro- 
instruction sequence required to execute the machine instruc- 
tion. When the microprogram memory address is to be the first 
microinstruction of the machine instruction sequence, the 
Am2910 next address control selects the multiplexer D input and 
enables the three-state output from the mapping PROM. When 
the current microinstruction being executed is selecting the next 
microinstruction address as a JUMP function, the JUMP address 
will be available at the multiplexer D input. This is accomplished 
by having the Am2910 select the next address multiplexer D input 
and also enabling the three-state output of the pipeline register 
branch address field. The register enable input to the Am2910 
can be grounded so that this register will load the value at the 
Am2910 D input. The value at D is clocked into the Am2910’s 
register (R) at the end of the current microcycle, which makes the 
D value of this microcycle available as the R value of the next 





microcyle. Thus, by using the branch address field of two sequen- 
tial microinstructions, a conditional JUMP-TO-ONE-OF-TWO- 
SUBROUTINES or a conditional JUMP-TO-ONE-OF-TWO- 
BRANCH-ADDRESSES can be executed by either selecting the 
D input or the R input of the next address multiplexer. 


When sequencing through continuous microinstructions in the 
Am27826/27 microprogram memory, the program counter in the 
Am2910 is used. Here, the control logic simply selects the PC 
input of the next address multiplexer. In addition, most of these 
instructions enable the three-state outputs of the Am27S26/27 
pipeline register associated with the branch address field, which 
allows the register within the Am2910 to be loaded. The 5 x 12 
stack in the Am2910 is used for looping and subroutining in 
microprogram operations. Up to five levels of subroutines or 
loops can be nested. Also, loops and subroutines can be inter- 
mixed as long as the five word depth of the stack is not exceeded. 


The expansion scheme for increasing the depth of Am27S26/ 
27's is shown in Figure 2. Note that no speed degradation results 
when devices are cascaded. This is because the decode of the 
Am7481339 is in parallel with the PROM access time. 


In order to provide an overall view of a typical Am2900 Bipolar 
Microprocessor, the block diagram of Figure 3 is presented. 
Here, the computer contro! unit (CCU) using the Am2910 and 
Am27S26/27 registered PROM’s is depicted. In addition, the 
typical connection scheme for the Am2903 Bipolar Microproces- 
sor slices is shown. The four Am2903 devices in the block dia- 
gram form a typical! 16-bit architecture. Also shown in Figure 3 is 
the general connection for the Am2914 Priority Interrupt Control- 
fer and the Am2920 as a Memory Address Register. 


The block diagram also shows the Am2917 as the bus interface 
unit. Note that the Am2917 can interface directly with a data bus 
and the drive levels and receive levels are such that the instruc- 
tion register can be built using standard Low-Power Schottky 
devices. This is possible because the receiver threshold on the 
Am2917 is designed identically to the thresholds on standard 
power Schottky and the Low-Power Schottky devices. 
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Fig. 2. Word Expansion Scheme for the Am27S26 
and Am27S827. 
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Fig. 3. Typical Bipolar Microcomputer using the Am27S26/27. | 
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USING THE Am27826/27 IN A PIPELINED ARCHITECTURE 





STATUS 


REGISTER 






A Register at the Microprogram Memory output contains the One level pipeline provides better speed than the architecture to 
microinstruction being executed. The microprogram memory and the left. The Microprogram Memory and the Am2903 array are in 
Am2903 delay are in series. Conditional branches are executed paralle] speed paths instead of in series. This is the recom- 
on same cycle as the ALU operation generating the condition. mended architecture for Am2900 designs. Note that the 






Am27S26/27 reduces the parts count of the microprogram mem- 
ory/pipeline by a factor of two. 
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ORDERING INFORMATION 





Package Temperature Order 
Type Range Number 







Open Collectors 
Hermetic DIP O°C to +75°C AM27S26DC 







Hermetic DIP —55°C to +125°C AM27S26DM 
Three-State Outputs 
Hermetic DIP O°C to +75°C AM27S27DC 









Hermetic DIP —55°C to +125°C AM27S27DM 
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4096-Bit Generic Series Bipolar PROM 


DISTINCTIVE CHARACTERISTICS 


@ High Speed — 55ns max commercial range access time 

@ Excellent performance over full MIL and commercial ranges 

®@ Highly reliable, ultra-fast programming Platinum-Silicide 
fuses 

@ High programming yield 

@ Low current PNP inputs 

@ High current open collector and three-state qutputs 

@ Fast chip select 

© Access time tested with N? patterns 

e Pin for pin replacements for industry standard products 

@ Common Generic PROM series electrical characteristics 
and simple programming procedures. 


GENERIC SERIES CHARACTERISTICS 


The Am27S28 and Am27S29 are members of an Advanced 
PROM series incorporating common electrical characteristics 
and programming procedures. All parts in this series are pro- 
duced with a fusible link at each memory location storing a 
logic LOW and can be selectively programmed to a logic 
HIGH by applying appropriate voltages to the circuit. 


All parts are fabricated with AMD’s fast programming highly 
reliable Platinum-Silicide Fuse technology. Utilizing easily im- 
plemented programming (and common programming personal- 
ity card sets) these products can be rapidly programmed to 
any customized pattern. Extra test rows are pre-programmed 
during manufacturing to insure extremely high field program- 
ming yields, and produce excellent parametric correlation. 


Platinum-Silicide was selected as the fuse link material to 
achieve a well controlled melt rate resulting in large non- 
conductive gaps that ensure very stable long term reliabilty. 
Extensive operating testing has proven that this low-field, 
ljarge-gap technology offers the best reliability for fusible link 
PROMs. 


Common design features include active loading of all critical 
AC paths regulated by a built-in temperature and voltage 
compensated bias network to provide excellent parametric 
performance over MIL supply and temperature ranges. Selec- 
tive feedback techniques have been employed to minimize de- 
lays through all critical paths producing the fastest speeds 
possible from Schottky processed PROMs. 


ORDERING INFORMATION 


Order 
Number 


Package Temperature 
Type ____ Range 








Open Collectors 


0°C to +75°C 
—55°C to +125°C 





AM27S28DC 
AM27S28DM 


Hermetic DIP 
Hermetic DIP 


Three-State Outputs 


0°C to +75°C 
—55°C to +125°C 








Hermetic DIP 
Hermetic DIP 


AM27S29DC 
AM27S29DM 











FUNCTIONAL DESCRIPTION 


The Am27S28 and Am27S29 are high speed electrically pro- 
grammable Schottky read only memories. Organized in the in- 
dustry standard 512 x 8 configuration, they are available in both 
open collector Am27S28 and three-state Am27S29 output ver- 
sions. After programming, stored information is read on outputs 
Op -O7 by applying unique binary addresses to Ap-Ag and hold- 
ing the chip select input, CS, at a logic LOW. If the chip select 
input goes to a logic HIGH, Og-O7 go to the off or high imped- 
ance state. 


BLOCK DIAGRAM 


COLUMN TEST RAIL 


64 x 64 
PROGRAMMABLE 
ARRAY 


TEST COLUMN 
ROW TEST RAIL 


TEST ROW 0 


TEST ROW 1 


[esr pow 
PUISISISISISI 
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LOGIC SYMBOL 


1 2 3 4 5 16 17 18 19 


Ap Ai Ap Az Aq Ag Ag Az Ag 


Am27S28 
Am27S29 
512 X 8 PROM 


Op 01 Oz Oz 04 Os Og Oy 





6 7 8 9 11 12 13 14 


Voc = Pin 20 
GND = Pin 10 
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CONNECTION DIAGRAM 
Top View 
Voc Ag Ay Ag As CS O07 Og O5 O04 


Am27828 


Am27S29 





Ag Ai Az A3 Ag Op ©; QO, O3 GND 


Note: Pin 1 is marked for orientation. BPM-085 


Am27S28 « Am27S29 
MAXIMUM RATINGS (Above which the useful life may be impaired) 








Storage Temperature -65°C to + 150°C 
Temperature (Ambient) Under Bias ~55°C to +125°C 
Supply Voltage to Ground Potential (Pin 20 to Pin 10) Continuous —0.5V to +7.0V 








—0.5V to +Vec max. 


DC Voltage Applied to Outputs (Except During Programming) 


























DC Voltage Applied to Outputs During Programming 21V 
Output Current into Outputs During Programming (Max. Duration of 1 sec.) 200mA 
DC Input Voltage —0.5V to +5.5V 
DC Input Current ~30mA to, +5mA 
OPERATING RANGE 
Am27S28XC, Am27S29XC 0°C to +75°C Voc = 5.0V +5%_ 
Am27S28XM, Am27S29XM -—55°C to +125°C Voc = 5.0V +10% 
ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 
PRELIMINARY DATA 
Typ. 
Parameters Description Test Conditions Min. (Note 1) Max. Units 


Vou Vcc = MIN., lo = —2-0mA 
Output HIGH Voit 
(Am27S29 only) nee Bias Vin = Vin oF ViL 
Vec = MIN., lo_ = 16mMA 
SNING Vin Or Vit: _ 2. 
Guaranteed input logical HIGH 
voltage for all inputs 


Output LOW Voltage 





tnput HIGH Level 


Input LOW Level Guaranteed input logical LOW 


voltage for all inputs 


Input LOW Current ae Vcc = MAX., Vin = 0.45V 
Input HIGH Current Vcc = MAX.,, Vin = 2.7V 




















Input HIGH Current Voc = MAX., Vin = 5.5V 





Output Short Circuit Current Vv =MAX., V = 0.0V (Note 2) 
(Am27829 only) cc OUT 








All inputs = GND 


Power Supply Current Vcc = MAX. 








Input Clamp Voltage Vec = MIN., lin = —18MA 








Output Leakage Current 














Vin = 2.0V @f = 1 MHz (Note 3) 


Input Capacitance 





Output Capacitance Vout = 2.0V @ f = 1 MHz (Note 3) 





Notes: 1. Typical limits are at Voc = 5.0V and Ty = 25°C. 
2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 
3. These parameters are not 100% tested, but periodically sampled. 
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SWITCHING CHARACTERISTICS OVER OPERATING RANGE 
PRELIMINARY DATA 








Parameter Description Test Conditions 


Address Access Time 
Enable: Access Time 
Enable Recovery Time 


Notes: 1. ta, is testéd with switch S; closed and C, = 30pF. 
2. For open collector outputs, tea and ter are tested with S, closed to the 1.5V output level. C, = 30pF. 
3. For three state outputs, te, is tested with C, = 30pF to the 1.5V level; S, is open for high impedance to HIGH tests and closed for high 
impedance to LOW tests. ter is tested with C, = 5pF. HIGH to high impedance tests are made with S; open to an output voltage of Voy 
~ 0.5V; LOW to high impedance tests are made with S, closed to the Vo, + 0.5V level. 




















AC Test Load 
(See Notes 1-3) 























SWITCHING WAVEFORMS 

3, 0Y 

Ag-Ag ——— _—_— eee 
A — ov 

w, ee on 1.8V 
= | ov 

tan -——- —teR tea 
= | e za You 
Qp-07 ———-_ 1.5V 
Voi + 0.5V 
You 


Note: Level on output while CS is HIGH is determined externally. 











KEY TO TIMING DIAGRAM 





WAVEFORM 





INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS 


sree wnutee powTeane,  Shansite 
STEADY STEADY 
PERMITTED UNKNOWN 
ii ae CENTER 
MAY CHANGE DOES NOT LINE IS HIGH 
FROM H aot CHANGING - WH APPLY IMPEDANCE 
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PROGRAMMING 


The Am27S28 and Am27S29 are manufactured with a conduc- 
tive Platinum-Silicide link at each bit location. The output of the 
memory with the link in place is LOW. The fusible links are 
opened one at a time by passing current through them from a 20, 
volt supply which is applied to the memory output after the CS 
input is at a logic HIGH. Current is gated through the addressed 
fuse by raising the CS input from a logic HIGH to 15 volts. After 
50 psec, the 20 volt supply is removed, the chip is enabled and 
the output level is sensed to determine if the link has opened. 
Most links will open within 50 wsec. Occasionally a link will be 
stronger and require additional programming cycles. The re- 
commended duration of additional programming periods is 5 
msec. If a link has not opened after a total elapsed programming 
time of 400 msec, further programming of the device should not 
be attempted. Successive links are programmed in the same 
manner until all desired bit locations have been programmed to 
the HIGH level. 


Typical current into an output during programming will be ap- 
proximately 140mA until the fuse link is opened, after which 
the current drops to approximately 40mA. Current into the CS pin 
when it is raised to 15 volts is typically 1.5mA. 


PROGRAMMING PARAMETERS 



























PROGRAMMED 











The memories may become hot during programming due to 
the large currents being passed. Programming cycles should 
not be continuously applied to one device more than 5 sec- 
onds to avoid heat damage. If this programming time is ex- 
ceeded, all power to the chip including Vcc should be re- 
moved for a period of 5 seconds after which programming 
may be resumed. 


When all programming has been completed, the data content 
of the memory should be verified by sequentially reading all 
words. Occasionally this verification will show that an extra 
undesired link has been fused. Should this occur, immediately 
check the programming equipment to make sure that all de- 
vice pins are firmly contacting the programming socket, that 
the input signal levels exhibit sufficient noise margins, and 
that the programming voltages are within the specified limits. 
All of these conditions must be maintained during program- 
ming. AMD PROMs are thoroughly tested to minimize un- 
wanted fusing; fusing extra bits is generally related to pro- 
gramming equipment problems. 


























Parameter Description Units 
Voce Voc During Programming Volts 
“Mine Input HIGH Level During Programming Volts 
Vitp Input LOW Level During Programming _ —_ Voits 
“Veep CS Voltage During Programming Volts 
“Nop. Output Voltage During Programming _ Volts 
“ene Voltage on Outputs Not to be Programmed Volts = 
lonp Current into Outputs Not to be Programmed mA 
d(Vop\/at Rate of Output Voltage Change” Viwsec 
d(Ven)/dt Rate of CS; Voltage Change v/sec 
"i Programming Period — First Attempt usec 
Programming Period — Subsequent Attempts msec 


Notes: 1. All delays between edges are specified from completion. of the first edge to beginning of the second edge; i.e., not to the midpoints. 
2. Delays ty through tq, must be greater than 100ns; maximum delays of 1ysec are recommended to minimize heating during pro- 


gramming. 


3. During ty, a user defined period, the output being programmed is switched to the load R and read to determine if additional pulses 


are required. 


PROGRAMMING WAVEFORMS 


: Vine 
ADDRESS SELECTED ADDRESS STABLE 
INPUTS 


cs 
ENABLE 


OUTPUT 













4. Outputs not being programmed are connected to Vonp through resistor R which provides output current limiting. 


SIMPLIFIED. PROGRAMMING DIAGRAM 


Veop Vonp 


Am27$28 
Am27S29 


BPM-089 


PROGRAMMING EQUIPMENT 


Generic programming boards and device adapters are avail- 
able from the sources listed below. In each case, the pro- 
gramming boards are used in these manufacturer’s automatic 


SOURCE AND LOCATION 


PROGRAMMER MODEL(S) 


Data I/O Corp. 
P.O. Box 308 
Issaquah, Wash. 98027 


Model 5; 7 and 9 


Am27828 * Am27S29 






programmers to program all AMD generic series bipolar 
PROMs; individual adapters are required for each basic part 
type in the series. 

Pro-Log Corp. 

2411 Garden Road 

Monterey, Ca. 93940 


M900 and M920 


“AMD GENERIC BIPOLAR 909-1286-1 PM9058 
PROM PERSONALITY BOARD 
Am27S28 « Am27S29 715-1413 PA20-4 and 512 x 8 (L) 


“ADAPTERS AND 
CONFIGURATOR 


OBTAINING PROGRAMMED UNITS 


Programmed devices may be purchased from your distributor 
or Advanced Micro Devices. The program data should be 
submitted in the form of a punched paper tape and must be 
accompanied by a written truth table. The punched tape can 
be delivered with your order or may be transmitted over a 
TWX machine or time-sharing terminal. ASCI! BPNF is our 
preferred paper tape format. 


ASCII BPNF 


An example of an ASCII tape in the BPNF format is shown 
below. They can be punched on any Teletype® or on a TWX 
or Telex machine. The format chosen provides relatively good 
error detection. Paper tapes must consist of: 


1. A leader of at least 25 rubouts. 
2. The data patterns for all 512 words, starting with word 0, in 
the following format: 
a. Any characters, including carriage return and line feed, 
except “B”. 
b. The letter “B’’, indicating the beginning of the data 
word. 
c. A sequence of eight Ps or Ns, starting with output O7. 
d. The letter “F’, indicating the finish of the data word. 
e. Any text, including carriage return and line feed, except 
the letter “B". 


Truth tables are also acceptable, however, much less desir- 











able especially for larger density PROMs. Submission of a 
truth table requires the generation of a punched paper tape at 
the distributor or factory resulting in longer lead times, greater 
possibility of error, and higher cost. 


3. A trailer of at least 25 rubouts. 


A P is a HIGH logic level = 2.4 volts. 
An N is a LOW logic level = 0.4 volts. 


A.convenient pattern to use for the data words is to prefix the 
word (or every few words) with the word number, then type 
the data word, then a comment, then carriage return and line 
feed as shown below. There must be no characters between 
the B and the F except for the eight Ps and Ns. If an error is 
made in a word, the entire word must be cancelled with rub- 
outs back to the letter B, then the word re-typed beginning 
with the B. 


When TWxing your tape, be sure the tape is in even parity. 
Parity is not necessary if the tape is mailed. 





TYPICAL PAPER TAPE FORMAT 
¢¢$  BPNPPNNNPF WORD ZERO (R) (1) 


BPPPPPPNNF COMMENT FIELD (R) (D) 
gg2  BNNNPPPPNF 
BNNNNNNNNF TEXT (R) (L) 
¢¢4 BPNNNNNNPF CAN (R)(L) 
BNPPNPPNNF GO (R) (1) 
$6 BPNNPPPNNF HERE (R) () 
511 BNNNNPPPNF END (®)@® 


(R) = CARRIAGE RETURN 
(L)= LINE FEED 


LEADER 


—_—_— 





o00a00000000 


e000 
ooo00 


eoo0000 
oo000 


8 ‘P's OR ‘N's 


eo000000000 


eooo°o 


8'P’s OR 'N's 


OPTIONAL COMMENTS MAY BE INSERTED HERE 





RESULTING DEVICE TRUTH TABLE (cS LOW) 
O07 Og O5 





Ag A7 Ag As Aq Ag Ag Ay Ag O4 O03 Oo QO, Qo 








Lb bE b&b kb LE cL LoL 
Lok bt ~E LE -LE L H 
L L t€ LE LE L HL 
L -E LE L LE L H H 
Lb -E -L L -L H LE L 
L kL L LoL eH LEH 
L -E & LE L H HL 
° 
" e 
H H H H H H H 4H 


TRAILER 






BPM-017 
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Am27S32 ¢ Am27S33 


4096-Bit Generic Series Bipolar PROM 


DISTINCTIVE CHARACTERISTICS 


High Speed — 55ns max commercial range access time — 
Excellent performance over full MIL and commercial ranges 
Highly reliable, ultra-fast programming Platinum-Silicide 
fuses 

High programming yield 

Low current PNP inputs 

High current open collector and three-state outputs 

Fast chip select - 

Access time tested with N? patterns 

Pin for pin replacements for industry standard products 
Common Generic PROM series electrical characteristics 
and simple programming procedures. 


GENERIC SERIES CHARACTERISTICS 


The Am27S32 and Am27S33 are members of an Advanced 
PROM series incorporating common electrical characteristics 
and programming procedures. All parts in this series are pro- 
duced with a fusible link at each memory location storing a 
logic LOW and can be selectively programmed to a logic 
HIGH by applying appropriate voltages to the circuit. 


All parts are fabricated with AMD’s fast programming highly 
reliable Platinum-Silicide Fuse technology. Utilizing easily im- 
plemented programming (and common programming person- 
ality card sets) these products can be rapidly programmed to 
any customized pattern. Extra test words are pre-programmed 
during manufacturing to insure extremely high field pro- 
gramming yields, and produce excellent parametric correla- 
tion. 


Platinum-Silicide was selected as the fuse link material to 
achieve a well controlled melt rate resulting in large non-con- 


ductive gaps that ensure very.stable long term reliabilty. Ex- * 
tensive operating testing has proven that this low-field, large-- 


gap technology offers the best reliability for fusible link 
PROMs. 


Common design features include active loading of all critical 
AC paths regulated by a built-in temperature and voltage 
compensated bias network to provide excellent parametric 
performance over MIL supply and temperature ranges. Selec- 
tive feedback techniques have been employed to minimize 
delays through all critical paths producing the fastest speeds 
possible from Schottky processed PROMs. 


ORDERING INFORMATION 


Package Temperature Order 
Type Range Number 
Open Collectors 
Hermetic DIP o°c to +75°C AM27S32DC 
Hermetic DIP —55°C to +125°C AM27S32DM 
Three-State Outputs 
Hermetic DIP 0°C to +75°C AM27S33DC 
Hermetic DIP —55°C to 125°C AM27S33DM 
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FUNCTIONAL DESCRIPTION © a 


The Am27S32 and Am27S33 are high speed electrically pro- 
grammable Schottky. read only memories. Organized in the 
industry standard 1024 x 4 configuration, they are available in 
both open collector Am27S32 and three-state Am27S33 out- 
put versions. After programming, stored information is read on 
outputs O0—O3 by applying unique binary addresses to 
AO—AQ and holding the chip select inputs, CS1 and CS2, 
LOW. If either chip select input goes to a logic HIGH, OO—O3 
go to the off or high impedance state. 


BLOCK DIAGRAM 


COLUMN TEST RAIL. 


64 x 64 
1 OF 66 FUSE ARRAY 


ROW 
DECODER 


ive 1S31 MOY 


TEST WORD 0 
TEST WORD 1 


COLUMN 
DECODER 


BPM-090 


Am27832/Am27833 
1024 x 4 PROM 


VCC = Pin 18 


GND = Ping 
BPM-091 


CONNECTION DIAGRAM 
Top View 


AB Ag O00 
P| 


O1 02 03 CS2 
Pitt ti 


13°12 «11 +=«110 


Note: Pin 1 is marked for orientation. 
BPM-092 





Am27S32 ¢ Am27S33 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


























Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —_ —55°C to + 125°C 
Supply Voltage to Ground Potential (Pin 18 to Pin 9) Continuous ae —0.5V to +7.0V 
DC Voltage Applied to Outputs (Except During Programming) : —0.5V to +VCC max. 
DC Voltage Applied to Outputs During Programming _ a “21v 
Output Current into Outputs During Programming (Max. Duration of 1 sec.) - ee 200mA 
DC Input Voltage a ~0.5V to +5.5V 





DC Input Current -30mA to +5mA 


OPERATING RANGE - 
COM'L | Am27S32XC, Am27S33XC | Ta, = 0°C to +75°C VCC = 5.0V +5% 
MIL Am27S32XM, Am27S33XM | Ta = —55°C to +125°C | VCC = 5.0V +10% 


ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (unless Otherwise Noted) 
PRELIMINARY DATA 












Typ. 
Parameters Description Test Conditions Min. (Note 1) Max. 


VOH VCC = MIN., IOH = —2.0mA 
(Am27833 only) | Output HIGH Voltage VIN = VIH or VIL 


VCC = MIN., IOL = 16mA 
VIN = VIH or VIL 


Guaranteed input logical HIGH 
voltage for all inputs 





Output LOW Voltage 





Input HIGH Level 
Guaranteed input logical Low 
voltage for all inputs 

Input LOW Current VCC = MAX., VIN = 0.45V 

Input HIGH Current ~ | vec = MAX, VIN = 2.7V 

Input HIGH Current VCC = MAX., VIN = 5.5V 


Input LOW Level 




















Isc 


(Am27833 only) Output Short Circuit Current VCC. = MAX., VOUT = 0.0V (Note 2) 





All inputs = GND 


Icc Power Supply Current VCC = MAX. 





vl input Clamp Voltage VCC = MIN., IN = —18mA 





VCC = MAX. 
Output Leakage Current vGSi =2.4y_ | Am27S33 


only 








Input Capacitance VIN = 2.0V @ f = 1MHz (Note 3) 
Output Capacitance VOUT = 2.0V @ f = 1MHz (Note 3) 


Notes: 1. Typical limits are at VCC = 5.0V and Ta = 25°C. 
2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 
3. These parameters are not 100% tested, but are periodically sampled. 
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Am27S32 ¢ Am27S33 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 
PRELIMINARY DATA 


7 












Parameter _ Description Test Conditions 











Address Access Time 
AC Test Load 
(See Notes 1-3) 






Enable Access Time 





Notes: 1. tAA is tested with switch S1 closed and CL = 30pF. 


2. For open collector outputs, tEA and tER are tested with S1 closed to the 1.5V output level. CL = 30pF. 
3. For three state outputs, tEA is tested with CL = 30pF to the 1.5V level; S1 is open for high impedance to HIGH tests and closed for high impedance 


to LOW tests. tER is tested with CL = 5pF. HIGH to high impedance tests are made with S1 open to an output voltage of VOH-— 0.5V; LOW to high 
impedance tests are made with S1 closed to the VOL + 0.5V level. 





Enable Recovery Time 


SWITCHING CHARACTERISTICS 


= -wa——| boar =| J+ tea 


VOH 
—— VOH — 0.5V 

00-03 - ——— 1.5V 
—— VOL + 0.5V 


VOL 


ae Note: Level on output while either CS is HIGH is determined externally. 
-093 


KEY TO TIMING DIAGRAM 


WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS 


MUST BE WILL BE DON'T CARE; CHANGING; 
STEADY STEADY ANYCHANGE STATE 
PERMITTED UNKNOWN 


WILL BE CENTER 
MAY CHANGE CHANGING DOESNOT _—LINE IS HIGH 


APPLY IMPEDANCE 
FROMHTOL EcROMH TOL “OFF” STATE 


CHANGING 
FROM L TOH 


HT MAY CHANGE = WILL BE 


FROM L TOH 


AC TEST LOAD 


OUTPUT 


BPM-094 
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PROGRAMMING 


The Am27S32 and Am27S33 are manufactured with conduc- 
tive Platinum-Silicide link at each bit location. The output of 
the memory with the link in place is LOW. To program the de- 
vice, the fusible links are selectively opened. 


The fusible links are opened one at a time by passing current 
through them from a 20 volt supply which is applied to one 
memory output after the CS, input is at a logic HIGH. Current 
is gated through the addressed fuse by raising the CS, input 
from a logic HIGH to 15 volts. After 50 «sec, the 20 volt sup- 
ply is removed, the chip enabled, and the output level sensed 
to determine if the link has opened. Most links will open within 
50 «sec. Occasionally a link will be stronger and require addi- 
tional programming cycle. The recommended duration of ad- 
ditional programming periods is 5 msec. If a link has not 
opened after a total elapsed programming. time of 400 msec, 
further programming of the device should not be attempted. 
Successive links are programmed in the same manner until all 
desired bit locations have been programmed to the HIGH 
level. 


Typical current into an output during programming will be ap- 
proximately 140mA until the fuse link is opened, after which 


PROGRAMMING PARAMETERS 


Parameter Description 


Am27S$32 ¢ Am27$S33 





the current drops to approximately 40mA. Current into the 
C5, pin when it is raised to 15 volts is typically 1.5mA. 


The memories may become hot during programming due to 
the large currents being passed. Programming cycles should 
not be applied to one device more than 5 seconds to avoid 
heat damage. If this programming time is exceeded, all power 
to the chip including VCC should be removed for a period of 5 
seconds after which programming may be resumed. 


When all programming has been completed, the data content 
of the memory should be verified by sequentially reading all 
words. Occasionally this verification will show that an extra 
undesired link has been fused. Should this occur, immediately 
check the programming equipment to make sure that all de- 
vice pins are firmly contacting the programming socket, that 


_the input signal levels exhibit sufficient noise margins, and 


that the programming voltages are within the specified limits. 
All of these conditions must be maintained during program- 
ming. AMD PROMs are thoroughly tested to minimize un- 
wanted fusing; fusing extra bits is generally related to pro- 
gramming equipment problems. 









































are required. 


PROGRAMMING WAVEFORMS 


ADDRESS 
INPUTS 


SELECTED ADDRESS STABLE 


csi 
ENABLE 









PROGRAMMED 
OUTPUT 





VOH 
"OUTPUT |, 
LYEBIFY yo. 


[+ PROGRAMMING CYCLE -——___-»| 





BPM-095 
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. Outputs not being programmed are connected to VONP through resistor R which provides output current limiting. 


BPM-096 
















VCCP VCC During Programming 

VIHP Input HIGH Level During Programming 

VILP Input LOW Level During Programming 

VCSP CST Voltage During Programming 

VOP Output Voltage During Programming 

VONP Voltage on Outputs. Not to be Programmed VCCP+0.3 

IONP Current into Outputs Not to be Programmed 

d(VOP)/dt Rate of Output Voltage Change V/nsec 

d(VCS)/dt Rate of CS1 Voltage Change Vipsec 

iP Programming Period — First Attempt usec 

Programming Period — Subsequent Attempts 
Notes: 1. All delays between edges are specified from completion of the first edge to beginning of the second edge; i.e. not to the midpoints. 
2. Delays ti, t2, t8 and t4 must be greater than 100 ns; maximum delays of 1 wsec are recommended to minimize heating during 
programming. 

3. During tv, a user defined period, the output being programmed is switched to the load R and read to determine if additional pulses 








SIMPLIFIED PROGRAMMING DIAGRAM 


vccPp 
R = 3000) 


Am27S32 


Am27$33 











Am27S32 « Am27S33 


PROGRAMMING EQUIPMENT 


Generic programming boards and device adapters are avail- 
able from the sources listed below. In each case, the pro- 
gramming boards are used in these manufacturer's automatic 


SOURCE AND LOCATION 


Issaqu 


Data I/O Corp. 
P.O. Box 308 





programmers to program all AMD generic series bipolar 
PROMs; individual adapters are required for each base part 
type in the series. 


Pro-Log Corp. 
2411 Garden Road 


ah, Wash. 98027 Monterey, Ca. 93940 


PROGRAMMER MODEL(S) Model 5, 7 and 9 Mg00 and M920 

AMD GENERIC BIPOLAR 909-1286-1 PM9058 

PROM PERSONALITY BOARD 

Am27S832 ¢« Am27S33 715-1414 PA 18-6 and 1024 x 4 (L) 


ADAPTERS AND 
CONFIGURATOR 


OBTAINING PROGRAMMED UNITS 


Programmed devices may be purchased from your distributor 
or Advanced Micro Devices. The program data should be 
submitted in the form of a punched paper tape and must be 
accompanied by a written truth table. The punched tape can 
be delivered with your order or may be transmitted over a 
TWX machine or time-sharing terminal. ASCII BPNF is our 
preferred paper tape format. — 


ASCII BPNF 


An example of an ASCII tape in the BPNF format is shown 
below. They can be punched on any Teletype® or on a TWX 
or Telex machine. The format chosen provides relatively good 
error detection. Paper tapes must consist of: 


1. A leader of at least 25 rubouts. 
2. The data patterns for all 1024 words, starting with word 0, 
in the following format: 


a. Any characters, including carriage return and line feed, 
except “B”. 

b. The letter “B”, indicating the beginning of the data 
word. 

c. A sequence of four Ps or Ns, starting with output O3. 

d. The letter “F’, indicating the finish of the data word. 

e. Any text, including carriage return and line feed, except 


the letter “B”. 


TYPICAL PAPER TAPE FORMAT 


$46 BNNNPF WORD ZERO (R) () 
BPPNNF COMMENT FIELD (R) () 
g¢2  BPPPNF ANY Q®) 
BNNNNF TEXT (R) 
$¢4 BNNNPF CAN (R) () 
BPPNNF GO (R) (1) 
$6 BPPNNF HERE (R) (©) 
1024 BPPPNF END(®)@ 


ASCII 
‘e 


LEADER 





25 RUBOUTS 


e0ogo000000 ooo 


oooo 
oo0°0 


oo 


OPTIONAL COMMENTS MAY BE INSERTED HERE 


ASCII PAPER TAPE 
‘B ‘ 


Truth tables are also acceptable, but are much less desirable 
especially for larger density PROMs. Submission of a truth 
table requires the generation of a punched paper tape at the 
distributor or factory resulting in longer lead times, greater 
possibility of error, and higher cost. 


3. A trailer of at least 25 rubouts. 


A P is a HIGH logic level = 2.4 volts. 
An N is a LOW logic level = 0.4 volts. 


A convenient pattern to use for the data words is to prefix the 
word (or every few words with the word number, then type the 
data word, then a comment, then carriage return and line feed 
as shown below. There must be no characters between the B 
and the F except for the four Ps and Ns. If an error is made in 
a word, the entire word must be cancelled with rubouts back 
to the letter B, then the word re-typed beginning with the B. 


When TWXing your tape, be sure the tape is in even parity. Parity 
is not necessary if the tape is mailed. ye 


RESULTING DEVICE TRUTH TABLE 


(CS1 and CS2 = LOW) 
A&B A7 A6 AS A4 A3 A2 At 


AO O03 O2 O1 





fe 






TRAILER 
25 RUBOUTS 
—_— 


0000000 


oo 


BPM-097 
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Am27S180 ¢ Am27S181 


8192-Bit Generic Series Bipolar PROM 


PRELIMINARY DATA 


DISTINCTIVE CHARACTERISTICS 


@ High Speed — 60ns max commercial range access time 
@ Excellent performance over full MIL and commercial ranges 
@ Highly reliable, ultra-fast programming Platinum-Silicide 
‘fuses ; . 
High programming yield 


Low current PNP inputs 

High current open collector and three-state outputs 

- Fast chip select 

Access time tested with N? patterns 

Pin for pin replacements for industry standard products 
Common Generic PROM series electrical characteristics 
and simple programming procedures. 


GENERIC SERIES CHARACTERISTICS 


The Am27S180 and Am27S181 are members of an Advanced 
PROM series incorporating common electrical characteristics 
and programming procedures. All parts in this series are pro- 
duced with a fusible link at each memory location storing a 
logic LOW and can be selectively programmed to a logic 
HIGH by applying appropriate voltages to the circuit. 


All parts are fabricated with AMD's fast programming highly 
reliable Platinum-Silicide Fuse technology. Utilizing easily im- 
plemented programming (and common programming personal- 
ity card sets) these products can be rapidly programmed to 
any customized pattern. Extra test words are pre-programmed 
during manufacturing to insure extremely high field program- 
ming yields, and produce excellent parametric correlation. 


Platinum-Silicide was selected as the fuse link material to 
achieve a well controlled melt rate resulting in large non- 
conductive gaps that ensure very stable long term reliabilty. 
Extensive operating testing has- proven that this low-field, 
large-gap technology offers the best reliability for fusible link 
PROMs. 


Common design features include active loading of all Critical 
AC paths regulated by a built-in temperature and voltage 
compensated bias network to provide excellent parametric 
performance over MIL supply and temperature ranges. Selec- 
tive feedback techniques have been employed to minimize de- 
lays through alt critical paths producing the fastest speeds 
possible from Schottky processed PROMs. : 


ORDERING INFORMATION 





Package Temperature Order 
Type Range Number 
Open Collectors 
Hermetic DIP 0°C to +75°C AM27S180DC 
Hermetic DIP —55°C to +125°C AM27S180DM 
Three-State Outputs 
Hermetic DIP 0°C to +75°C Ss AM27S181DC 
Hermetic DIP —55°C to +125°C + AM27S181DM 





BPM-098 


BPM-099 


BPM-100 


5-63 


FUNCTIONAL DESCRIPTION 


The Am27S180 and Am27S181. are high speed electrically 
programmable Schottky read only memories. Organized in the 
industry standard 1024 x 8 configuration, they are available in 
both open collector Am27S180 and three-state Am27S181 out- 
put versions. After programming, stored information is read on 
outputs O9-O7 by applying unique binary addresses to Ag-Ag 
and enabling the chip (CS,, CS, low and CS, CS, high). 
Changes of chip select input levels disables the outputs causing 
them to go to the off or high impedance state. 







_ BLOCK DIAGRAM 


COLUMN TEST RAIL 


64 x 128 
PROGRAMMABLE 
ARRAY 


TEST COLUMN 
ROW TEST RAIL 


TEST WORD 0 


TEST WORD 1 


[esr wonos 
VIS UA 





LOGIC DIAGRAM 


8 76 5 4 3 2 1 23 22 


Am27S180/181 







Op 0; Op 03 04 Os Og 07 





Vec = Pin 24 
GND = Pin 12 


9 10 11 13 14 15 16 17 






CONNECTION DIAGRAM 
Top View 


Vcc Ag Ag CS; CSp CS3 CSq 07 Og O5 O4 Og 


24 23 22 21 20 19 18 17 16 15 14 13 


Am27S180/181 





A; Ag As Ag Ag 


Note: Pin 1 is marked for orientation. 


Az A, Ao 


Oo 


0, ©: GND 





Am27S180 * Am27S181 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 


—65 to +150°C 





Temperature (Ambient) Under Bias 


—55 to +125°C 





Supply Voltage to Ground Potential (Pin 24 to Pin 12) Continuous 


—0.5 to +7.0V 





DC Voltage Applied to Outputs (Except During Programming) 


—0.5V to +Vece max. 













































































































































































































Output Capacitance 


Vout = 2.0V @ f = 1MHz (Note 3) 


DC Voltage Applied to Outputs During Programming 21V 
Output Current into Outputs During Programming (Max. Duration of 1 sec.) 200mA 
DC Input Voltage —0.5 to +5.5V 
DC Input Current —30 to +5mA 
OPERATING RANGE 
COM'L Am27S180XC, Am27S181XC Ta = 0 to 75°C Vec = 5.0V +5% 
MIL Am27S180XM, Am27S181XM Te = —55 to +125°C Vec = 5.0V +10% 
ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (unless Otherwise Noted) 
PRELIMINARY DATA 
Typ. 
Parameters Description Test Conditions Min. (Note 1) Max. Units 
Vou . Voc = MIN., Ion = -2.0mA 
(am27s16t oniy), Opel ris vee = 
Voc = MIN., lo = 16MA 
Output LOW Voltage 0.50 Volts 
7 Vin = Vin OF Vir 
Guaranteed input logical HIGH 
Input HIGH Level voltage for all inputs [Sere Volts 
input LOW Level Guaranteed input logical LOW 08 Volts 
voltage for all inputs 
Input LOW Current Voc = MAX., Vin = 0.45V 0.250 mA 
Input HIGH Current Voc = MAX., Vin = 2.7V 25 pA 
1 Input HIGH Current Voc = MAX., Vin = 5.5V 1.0 mA 
Isc ecil = ae Ly = 
(Am27S181 only) Output Short Circuit Current Voc = MAX., Vout = 0.0V (Note 2) 20 90 mA 
' All inputs = GND 
lec Power Supply Current Voc = MAX. 185 mA 
Vy input Clamp Voltage Voc = MIN., lin = —18MA 71.2 Voits 
: 40 
Vec = MAX, 
IceEx Output Leakage Current VaS1,2 = 2.4V| Am27S181 40 pA 
Vesa,4 = 0.4V] Only 
Cin Input Capacitance Vin = 2.0V @ f = 1MHz (Note 3) . 
| ce p 
Court 








Notes: 1. Typical limits are at Voc = 





&.0V and Ta = 25°C. 


2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 
3. These parameters are not 100% tested, but are periodically sampled. 
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Am27S180 » Am27S181 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 
PRELIMINARY DATA 









Parameter Description Test Conditions 


Address Access Time | 
Enable Access Time 
ftera | Enable Recovery Time 


Notes: 1. ta, is tested with switch S; closed and C, = 30pF. 
2. For open collector outputs, te, and te, are tested with S, closed to the 1.5V output level. C. = 30pF. 
3. For three state outputs, tea is tested with C_ = 30pF to the 1.5V level; S; is open for high impedance to HIGH tests and closed for high 
impedance to LOW tests. ter is tested with C_ = 5pF. HIGH to high impedance tests are made with S; open to an output voltage of Von — 0.5V; 
LOW to high impedance tests are made with S, closed to the Vo, + 0.5V level. 













AC Test Load 
(See Notes 1-3) 


















SWITCHING CHARACTERISTICS 


Ao-Ag corns, x CO resent 


CS3, CS, 








ov 





|-— tan + ter tea =o 
: — Von — 0.5V You 
Vo + 0.6V Vor 


Note: Level on output while either CS is HIGH is determined externally. 





BPM-101 


KEY TO TIMING DIAGRAM 


WAVEFORM _INPUTS OUTPUTS - WAVEFORM INPUTS OUTPUTS 
DON'T CARE; CHANGING; 
pnd tar STEADY. NX ANYCHANGE _STATE 
EA PERMITTED | UNKNOWN 
ene CENTER 
DOESNOT _LINE IS HIGH 
MAY CHANGE CHANGING Ha APPLY IMPEDANCE 


WILL BE 
THY MAY CHANGE —uaNGina 


FROMLTOH FROM LTO H. 


AC TEST LOAD 
Voc ooo 
4 = 
3002. 


Cc 
=i 8000 


BPM-102 
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Am27S180 « Am27$181 


PROGRAMMING 


The Am27S180 and Am27S181 are manufactured with a conduc- 
tive Platinum-Silicide link at each bit location. The output of 
the memory with the link in place is LOW. To program the de- 
vice, the fusible links are selectively opened. 


The fusible links are opened one at a time by passing current 
through them from a 20 volt supply which is applied to one 
memory output after the CS, input is at a logic HIGH. Current 
is gated through the addressed fuse by raising the CS, input 
from a logic HIGH to 15 volts. After 50 sec, the 20 voit sup- 
ply is removed, the chip enabled, and the output level sensed 
to determine if the link has opened. Most links will open within 
50 usec. Occasionally a link will be stronger and require addi- 
tional programming cycles. The recommended duration of ad- 
ditional programming periods is 5 msec. If a link has not 
opened after a total elapsed programming time of 400 msec, 
further programming of the device should not be attempted. 
Successive links are programmed in the same manner until all 
desired bit locations have been programmed to the HIGH 
level. 


Typical current into an output during programming will be ap- 
proximately 140mA until the fuse link is opened, after which 





PROGRAMMING PARAMETERS 



























the current drops to approximately 40mA. Current into the 
CS, pin when it is raised to 15 volts is typically 1.5mA. 


The memories may become hot during programming due to 
the large currents being passed. Programming cycles should 
not be applied to one device more than 5 seconds to avoid 
heat damage. If this programming time is exceeded, all power 
to the chip including Vcc should be removed for a period of 5 
seconds after which programming may be resumed. 


When all programming has been completed, the data content 
of the memory should be verified by sequentially reading all 
words. Occasionally this verification will show that an extra 
undesired link has been fused. Should this occur, immediately 
check the programming equipment to make sure that all de- 
vice pins are firmly contacting the programming socket, that 
the input signal levels exhibit sufficient noise margins, and 
that the programming voltages are within the specified limits. 
All of these conditions must be maintained during program- 
ming. AMD PROMs are thoroughly tested to minimize un- 
wanted fusing; fusing extra bits is generally related to pro- 
gramming equipment problems. 






























Parameter Description Min. Max. Units 
Vec During Programming [ Volts 

Vine Input HIGH Level During Programming =a 5.5 Volts 
Vitp __Input LOW Level During Programming i 00 | 0.45 Volts 
_ Cs Voltage During Programming 15.5 Volts 

“Yep. | Output Voltage During Programming . 20.5 Volts 
Voltage on Outputs Not to be Programmed woop ies Volts 

Current into Outputs Not to be Programmed a) mA 
d(Vop)/dt Rate of Output Voltage Change ao ae Vipsec 
 d(Vgg)/dt Rate of CS,, Voltage Change 100 1000 V/wsec 
te Programming Period — First Attempt 50 1 00 Sec 
Programming Period — Subsequent Attempts 5.0 15 msec 






Notes: 1. 


moonesssraste Ky 
ADDHESS SELECTED ADDRESS STABLE KX 
INPUTS Vite 


_ v 
cs, at! cs} 
ENABLE 
Vine 
— Yip 


PROGRAMMED 
OUTPUT 
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All delays between edges are specified from completion of the first edge to Becinning of the second edge; i.e., not to the midpoints. 


. Delays ty, tg, tg and t, must be greater than 100 ns; maximum delays of 1 usec are recommended to minimize heating during 


programming. 


. During ty, a user defined period, the output being programmed is switched to the load R and read to determine if additional pulses 


are required. 


. Outputs not being programmed are connected to Vonp through resistor R which provides output current limiting. 








SIMPLIFIED PROGRAMMING DIAGRAM 


Vocp 


PROGRAMMING WAVEFORMS 


Vone 















R = 30022 
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VERIFY 4 
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PROGRAMMING EQUIPMENT 


Generic programming boards and device adapters are avail- 
able from the sources listed below. In each case, the pro- 
gramming boards are used in these manufacturer's automatic 


SOURCE AND LOCATION 


PROGRAMMER MODEL(S) 


AMD GENERIC BIPOLAR 909-1286-1 
PROM PERSONALITY BOARD 
Am27S180 * Am27S181 715-1545-2 


ADAPTERS AND 
CONFIGURATOR 


OBTAINING PROGRAMMED UNITS 


Programmed devices may be purchased from your distributor , 


or Advanced Micro Devices. The program data should be 


submitted in the form of a punched paper tape and must be | 


accompanied by a written truth table. The punched tape can 
be delivered with your order or may be transmitted over a 
TWX machine or time-sharing terminal. ASCIl BPNF is our 
preferred paper tape format. 


ASCII BPNF 


An example of an ASCII tape in the BPNF format is shown 
below. They can be punched on any Teletype® or on a TWX 
or Telex machine. The format chosen provides relatively good 
error detection. Paper tapes must consist of: 


1. A leader of at least 25 rubouts. 
2. The data patterns for all 1024 words, starting with word 0, in 
the following format: 
a. Any characters, including carriage return and line feed, 
except “B”. 
b. The letter “B”, indicating ‘the beginning of the data 
word. — 
c. A sequence of eight Ps or Ns; starting with output O7. 
d. The letter “F”, indicating the finish of the data word. 
e. Any text, including carriage return and line feed, except 
the letter “B”. 






TYPICAL PAPER. TAPE FORMAT 
096  BPNPPNNNPF WORD ZERO @) @ 


BPPPPPPNNF COMMENT FIELD @ @ 
692 BNNNPPPPNF ANY ® @ 
BNNNNNNNNF TEXT ® @ 
$64 BPNNNNNNPF CAN ® (@) 


BNPPNPPNNF GO @® @ 
096 BPNNPPPNNF 


: 2 4 
Ceoessovecos® e 
. eeccsesessoe ° 


1023. BNNNNPPPNF 


@®) = CARRIAGE RETURN 
© = LINE FEED 


ASCli PAPER TAPE 


ASCII ‘B' ASCII 
- 
LEADER 


—— 


e0000000090 





o000 
e000 





on000 
° ooo0c0 ° 





_ §'P’s OR ‘N’s 


i 


Data /O Corp. 
P.O. Box 308° 
Issaquah, Wash. 98027 


Model 5, 7 and 9 







oecoo0o0c00g 000 
“e000 
w 


oeeoeereeeeeereece eee ee eeeeeeoe eee ee eeeer ee ewe eonweeeeeaeneeeneneenene 





—S 
. §8‘P's OR ‘N's 


OPTIONAL COMMENTS MAY BE INSERTED HERE 


Am27S180 « Am27S181 







programmers to program all AMD generic series bipolar 
PROMs; individual adapters are required for each basic: part 
type in the series. 


Pro-Log Corp. 

2411 Garden Road 
Monterey, Ca. 93940 
M900 and M920 


PM9058 


PA24-13 and 1024 x 8 (L) 


Truth tables are also acceptable, however, much less desir- 
able especially for larger density PROMs. Submission of a 
truth table requires the generation of a punched paper tape at 
the distributor or factory resulting in longer lead times, greater 
possibility of error, and higher cost. 


3. A trailer of at least 25 rubouts. 


A P is a HIGH logic level = 2.4 volts. 
An N is a LOW logic level = 0.4 volts. 


A convenient pattern to use for the data words is to prefix the 
word (or every few words) with the word number, then type 
the data word, then a comment, then carriage return and line 
feed as shown below. There must be no characters between 
the B and the F except for the eight Ps and Ns. If an error is 
made in a word, the entire word must be cancelled with rub- 
outs back to the letter B, then the word re-typed beginning 
with the B. 


When TWxing your tape, be sure the tape is in even parity. 
Parity is not necessary if the tape is mailed. 





__RESULTING DEVICE TRUTH TABLE 
(CS, AND CS, LOW, CS, AND CS, HIGH) 











Ag Ag Az As As Ag A3 Ao A; Ao 07 O6 Os OQ, O03 O2 0; Oo 
Led: ae A ee EE ip HLHHLLLH 
ee ht Oe es ee HHHHHHLL 
bo bok ek, AACE LLLHHHHL 
fie Shs Rene ty ak. ci bk. EC eae hy 
a i Os ali Os © a Beis ks A 
bob JEG ee Lon LHHLHHEL 
ies tay ee oes Se ea | WM ca es ee 
e e 
e 
HH H-H H'HHHHH Liket Hoa L 
CR TRAILER 


—s 








oo 
90000 0 





eoo0000g00 
eooo00 














— LF 
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Am27S184 » Am27S185 


8192-Bit Generic Series Bipolar PROM 


PRELIMINARY DATA 
































DISTINCTIVE CHARACTERISTICS 


®@ Excellent performance over full MIL and commercial ranges 
e@ Highly reliable, ultra-fast programming Platinum-Silicide 
fuses 

@ High programming yield 

@ Low current PNP inputs 

e@ High current open collector and three-state outputs 
@ Fast chip select 
e 
e 
e 


FUNCTIONAL DESCRIPTION 


The Am27S184 and Am27S185 are high speed electrically 
programmable Schottky read only memories. Organized in the 
industry standard 2048 x 4 configuration, they are available in 
both open collector Am27S184 and three-state Am27S185 out- 
put versions. After programming, stored information is read on 
outputs O9-O3 by applying unique binary addresses to Ag-Aio 
and holding the chip select input CS LOW. If the chip select 
input goes to a logic HIGH, O9-O3 go to the off or high-imped- . 
ance state. 


Access time tested with N? patterns 
Pin for pin replacements for industry standard products 
Common Generic PROM series electrical characteristics 


and simple programming procedures. 
BLOCK DIAGRAM 


COLUMN TEST RAIL 


GENERIC SERIES CHARACTERISTICS 


The Am27S184 and Am27S185 are members of an Advanced 
PROM series incorporating common electrical characteristics 
and programming procedures. All parts in this series are pro 
duced with a fusible link at each memory location storin 
logic LOW and can be selectively programmed.,t 
HIGH by applying appropriate voltages to the circG 


All parts are fabricated with AMD's fast program 
reliable Platinum-Silicide Fuse technology. Utilizing & 
plemented programming (and common programming p¢ 
ity card sets) these products can be rapidly programmed tgz 
any customized pattern. Extra test words are pre-programm@g 
during manufacturing to insure extremely high field progragy 
ming yields, and produce excellent parametric gorfeiation. | 







1 OF 128 
ROW 
DECODER 


QUAD 1 OF 16 MULTIPLEXER 


achieve a well controlled melt r. 
conductive gaps that ensur: 
















BPM-106 








itt-in temperature and voltage 
compensate twork to provide excellent parametric 
performance @y IL supply and temperature ranges. Selec- 
tive feedback techniques have been employed to minimize de- 
lays through all critical paths producing the fastest speeds 
possible from Schottky processed PROMs. 


Am27S184/185 


Vec = Pin 18 


ORDERING INFORMATION GND = Pin 9 4013012 


BPM-107 


CONNECTION DIAGRAM 
Top View 


Package Temperature Order 
Type Range Number 


Open Collectors 

















Hermetic DIP 0 to +75°C AM27S184DC WE TAGT AS WaT CAO 
Hermetic DIP —55 to +125°C AM27S1840M 
a4 Am275184/185 
Three-State Outputs . 
Hermetic DIP 0 to +75°C AM27S185DC 
Hermetic DIP —55 to +125°C AM27S185DM 





Note 1: Pin 1 is marked for orientation 
BPM-108 
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Am27S184 « Am27S185 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature --65 to +150°C 
Temperature (Ambient) Under Bias i ~55 to +125°C 
Supply Voltage to Ground Potential (Pin 18 to Pin 9) Continuous —0.5 to +7.0V 
DC Voltage Applied to Outputs (Except During Programming) - —0.5V to +Vec max. 
DC Voltage Applied to Outputs During Programming 21V 
Output Current into Outputs During Programming (Max. Duration of 1 sec.) 200mA 


DC Input Voltage - ~0.5 to +5.5V 
DC Input Current —30 to +5mA 


OPERATING RANGE 


COM'L | Am27S184XC, Am27S185XC Ta = 0 to 75°C Vcc = 5.0V +5% 
MIL Am27S184XM, Am27S185XM To = —55 to + 125°C Voc = 5.0V +10% 


ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 
PRELIMINARY DATA 






















































Typ 
Parameters Description Test Conditions Min (Note 1) 
Voc = MIN., lon = —2.0MA 
Output HIGH Voltage 
3 ie Vin = Vin oF Vit 
Voc = MIN., Io, = 16mA 
Output LOW Voltage cc et 
i a Vin = Vin oF Vit 
Guaranteed input logical HIGH 
Inpes HIGH Leyes voltage for all inputs hee 
’ Guaranteed input logical LOW 
Nit maT LON Leve voltage for all inputs —— 
ii: Input LOW Current Voc = MAX., Vin = 0.45V | =| 0.020 
lie Input HIGH Current Voc = MAX., Vin = 2.7V 
in Input HIGH Current Voc = MAX., Vin = 5.5V 
Isc 


Output Short Circuit Current Voc = MAX., Vout = 0.0V (Note 2) 






(Am27S185 only) 





All inputs = GND 








































loc Power Supply Current Voc = MAX. 
Vv, Input Clamp Voltage Voc = MIN., iy = —18mA 
Vcc = MAX 
Icex Output Leakage Current Vas. =2.4v |Am27S185 Vo = Vcc 
; “only Vo = 0.4V 
Cin Input Capacitance Vin = 2.0V @ f = 1MHz (Note 3) 












Vout = 2.0V @ f = 1MHz (Note 3) 


Notes: 1. Typical limits are at Voc = 5.0V and Ta = 25°C. 
2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 
3. These parameters are not 100% tested, but are periodically sampled. 


Output Capacitance 
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Am27S184 ¢ Am27S185 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 
PRELIMINARY DATA 







Max 


Test Conditions 











Parameter Description 










Address Access Time 





AC Test Load 


Enable A Time 
hamid tuikceanr ls (See Notes 1-3) 






Enable Recovery Time 


Notes: 1. ta, is tested with switch S, closed and C, = 30pF. 
2. For open collector outputs, te, and ter are tested with S; closed to the 1.5V output level. C; = 30pF. 
3. For three state outputs, te, 's tested with C_ = 30pF to the 1.5V level; S; is open for high impedance to HIGH tests and closed for high 
impedance to LOW tests. tgp is tested with C, = 5pF. HIGH to high impedance tests are made with S; open to an output voltage of Voy — 0.5V; 
LOW to high impedance tests are made with S; closed to the Vo, + 0.5V level. 






SWITCHING CHARACTERISTICS 




























3.0V 
1.5V 

ov 
4.5V 

ov 

taa —| | ter -- tEA | 

Von — 0.5V f, Vou 
1.5V 
Vo. + 0.5V Vo 


Note: Level on output while either CS, is HIGH is determined externally. 


BPM-109 
KEY TO TIMING DIAGRAM 
WAVEFORM INPUTS OUTPUTS WAVEFORM __ INPUTS OUTPUTS 
Sa DON'T CARE; CHANGING; 
MUST BE pay ae OK ANYCHANGE STATE | 
= STEADY EAD! PERMITTED § UNKNOWN 
WILL BE ae 
DOESNOT _LINE IS HIGH 
ANY MAY CHANGE CHANGING WH APPLY IMPEDANCE 
; FROMHTOL FROMH TOL “OFF” STATE 
TILT wsssenss. Siete 
FROMLTOH eRomLTOH 
AC TEST LOAD 
Voc 
st 
Ri 
3000. 
output 
R2 
ct ile 6002 
BPM-110 


PROGRAMMING 


The Am27S184 and Am27S185 are manufactured with conduc- 
tive Platinum-Silicide link at each bit location. The output of 
the memory with the link in place is LOW. To program the de- 
vice, the fusible links are selectively opened. 


The fusible links are opened one at a time by passing current 
through them from a 20 volt supply which is applied to one 
memory output after the CS input is a logic HIGH. Current 
is gated through the addressed fuse by raising the CS input 
from a logic HIGH to 15 volts. After 50 usec, the 20 volt sup- 
ply is removed, the chip enabled, and the output level sensed 
to determine if the link has opened. Most links will open within 
50 usec. Occasionally a link will be stronger and require addi- 
tional programming cycles. The recommended duration of ad- 
ditional programming periods is 5 msec. If a link has not 
opened after a total elapsed programming time of 400 msec, 
further programming of the device should not be attempted. 


Successive links are programmed in the same manner until all - 


desired bit locations have been programmed to the HIGH 
level. 


Typical current into an output during programming will be ap- 
proximately 140mA until the fuse link is opened, after which 





PROGRAMMING PARAMETERS 








Parameter Description 
Voce Vec During Programming 
Vinp Input HIGH Level During Programming 


Vitp Input LOW Level During Programming 

Vosp CS Voltage During Programming 

Vop Output Voltage During Programming . 
Vonp Voltage on Outputs Not to be Programmed 














Am27S184 » Am27S185 






















the current drops to approximately 40mA. Current into the 
CS pin when it is raised to 15 volts is typically 1.5mA. 


The memories may become hot during programming due to 
the large currents being passed. Programming cycles should 
not be applied to one device more than 5 seconds to avoid 
heat damage. If this programming time is exceeded, all power 
to the chip including Veg should be removed for a period of 5 
seconds after which programming may-be resumed. 


When all programming has been completed, the data content 
of the memory should be verified by sequentially reading all 
words. Occasionally this verification will show that an extra 
undesired link has been fused. Should this occur, immediately 
check the programming equipment to make sure that all de- 
vice pins are firmly contacting the programming socket, that 
the input signal levels exhibit sufficient noise margins, and 
that the programming voltages are within the specified limits. 
All of these conditions must be maintained during program- 
ming. AMD PROMs are thoroughly tested to minimize un- 
wanted fusing; fusing extra bits is generally related to pro- 
gramming equipment problems. 


























lone Current into Outputs Not to be Programmed 

d(Vop)/at Rate of Output Voltage Change Viusec a 
d(Ves)/dt Rate of CS Voltage Change Viusec 
te Programming Period — First Attempt usec 


Programming Period — Subsequent Attempts 


Notes: 1. All delays between edges are specified from completion of the first edge to beginning of the second edge; i.e., not to the midpoints. 
2. Delays ty, to, tg and tg must be greater than 100 ns; maximum delays of 1 usec are recommended to minimize heating during 


programming. 


3. During ty, a user defined period, the output being programmed is switched to the load R and read to determine if additional puises 


are required. 


4. Outputs not being programmed are connected to Vonp through resistor R which provides output current limiting. 


PROGRAMMING WAVEFORMS 


Vine 
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msec 








SIMPLIFIED PROGRAMMING DIAGRAM 


Voor Vonp 


Am27S184 
OR 


Am27S185 
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PROGRAMMING EQUIPMENT 


Generic programming boards and device adapters are avail- 
able from the sources listed below. In each case, the pro- 
gramming boards are used in these manufacturer's automatic 


SOURCE AND LOCATION 


PROGRAMMER MODEL(S) 


ADAPTERS AND 
CONFIGURATOR 


OBTAINING PROGRAMMED UNITS 


Programmed devices may be purchased from your distributor 
or Advanced Micro Devices. The program data should be 
submitted in the: form of a punched paper tape and must be 
accompanied. by a written truth table. The punched tape can 
be delivered with your order or may be transmitted over a 
TWX machine or time-sharing terminal. ASCII BPNF is our 
preferred paper tape format. 


ASCII BPNF 


An example of an ASCII tape in the BPNF format is shown 
below. They can be punched on any Teletype® or on a TWX 
or Telex machine. The format chosen provides relatively good 
error detection. Paper tapes must consist of: 


1. A leader of at least 25 rubouts. 
2. The data patterns for all 2048 words, starting with word 0, in 
the following format: 
a. Any characters, including carriage return and line feed, 
except “B”. 
b. The letter “B”, indicating the beginning of the data 
word. 
c. A sequence of four Ps or Ns, starting with output O3. 
d. The letter “F’, indicating the finish of the data word. 
e. Any text, including carriage return and line feed, except 
the letter “B”. 


TYPICAL PAPER TAPE FORMAT 


$96 BNNNPF WORD ZERO () () 
‘BPPNNF CCMMENT FIELD (R) @) 
$62 BPPPNF ANY ®) 
BNNNNF TEXT (R) 
QG4 BNNNPF CAN (R) @) 
BPPNNF GO (R) (@) 
$$6 BPPNNF HERE (R) ©) 


BPPPNF 


END (@) @ 


LEADER 
25 RUBOUTS 
—_— 





oeaogoo00g00c0g0 


eooo°0 


A‘P’s OR ‘N's 


Data I/O Corp. 
P.O. Box 308 
Issaquah, Wash. 98027 


Model 5, 7 and 9 





ASCII PAPER TAPE 


ASCH B 
‘F 


OPTIONAL COMMENTS MAY BE INSERTED HERE 


programmers to program all AMD generic series bipolar 
PROMs; individual adapters are required for each basic part 
type in the series. 

Pro-Log Corp. 

2411 Garden Road 

Monterey, Ca. 93940 


M900 and M920 


AMD GENERIC BIPOLAR 909-1286-1 PM9058 
PROM PERSONALITY BOARD 
Am273184 * Am275185 715-1616 PA18-8 and 2048 x 4 (L) 


Truth tables are also acceptable, but are much less desirable 
especially for larger density PROMs. Submission of a truth 
table requires the generation of a punched paper tape at the 
distributor or factory resulting in longer lead times, greater 
possibility of error, and higher cost. 





3. A trailer of at least 25 rubouts. 


A P is a HIGH logic level = 2.4 volts. 
An N is a LOW logic level =. 0.4 volts. 


A convenient pattern to use for the data words is to prefix the 
word (or every few words with the word number, then type the 
data word, then-a comment, then carriage return and line feed 
as shown below. There must be no characters between the B 
and the F except for the four Ps and Ns. If an error is made in 
a word, the entire word must be cancelled with rubouts back 
to the letter B, then the word re-typed beginning with the B. 


When TWxXing your tape, be sure the tape is in even parity. 
Parity is not necessary if the tape is mailed. 


RESULTING DEVICE TRUTH TABLE (CS LOW) 
Aig Ag Ag A7 Ag As Aq Ag Az Ay Ap 093 O2 01 Oo 


L 
H 
L 
H 
L 
H - 
L 


*F 









TRAILER 
CR 25 RUBOUTS 
—_ 
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ADVANCED MOS/LSI 


Advanced Micro Devices is an industry leader in the production of high- 
technology MOS products. The company’s n-channel, silicon-gate MOS 
process is ideally suited for the dense, high-speed memory and 
microprocessor products required by today’s systems. 


Although most of the MOS products are oriented toward the Am9080A 8-bit 
MOS microprocessor, the static RAM’s are ideal for use with the Am2900 
family. The access times of these devices are often well matched to 2900 
system microcycle times and provide significant cost benefits over bipolar 
memories of the same density. 


Of particular interest to users of the Am2900 family are the Am9244/9044 and 
Am9124/9114 4096-bit RAMs. These devices are organized as 4K x 1 and as 1K x 
4 and are available with access times to 200ns. The Am9147 is a 4K x 1 bit with 
access times as fast as 55ns. 


Complete data on these devices is included in the following pages, along 
with our 16K dynamic RAM, the Am9016. The selection guide on the next 
few pages lists other Advanced MOS products which may be of interest. 
Most of these products are available for full military temperature range 
operation. For complete data on our MOS products, see our MOS/LSI Data 
Book. 
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MOS MEMORY SELECTION GUIDE 


STATIC R/W RANDOM-ACCESS MEMORIES 





Maximum Data I/O Operating Standby 
Part Organi- Access Temp. Supply Config- Package Power Power 
Number zation Time (ns) Range Voltage Outputs uration Pins Max. (mW) Max. (mW) 
Am9101A 256 x 4 §00 C,M +5 3-State Separate 22 290 46 
Am91L01A 256 x 4 500 C,M +5 3-State Separate 22 173 37 
Am9101B 256 x 4 400 C,.M +5 3-State Separate 22 290 46 
Am91L018 256 x 4 -400 C,M +5 3-State Separate 22 173 37 
Am9101C 256 x 4 300 C,M +5 3-State Separate 22 315 46 
Am91L01C 256 x 4 300 C,M +5 3-State Separate 22 189 37 
Am9101D 256 x 4 250 Cc +5 3-State Separate 22 315 46 
Am9102 1024 x 1 650 C,M +5 - 3-State Separate 16 263 42 
Am91L02 1024 x-1 650 C,M +5 3-State Separate 16 158 35 
Am9102A 1024 x 4 500 C,M +5 3-State Separate 16 263 42 
Am91L02A 1024 x 1 500 C,M +5 3-State Separate 16 158 35 
Am9102B 1024 x 1 - 400 C,M +5 3-State Separate 16 263 42 
Am91L02B ~ 1024 x 1 400 C,M +5 3-State Separate 16 158 35 
Am9102C 1024 x 1 300 C,M +5 3-State Separate 16 290 42 
Am91L02C 1024 x 1 300 C,M +5 3-State Separate 16 173 35 
Am9102D 1024 x 1 250 Cc +5 3-State Separate 16 290 42 
Am9111A 256 x 4 500 C,M +5 3-State Busséd 18 290 46 
Am91L11A 256 x 4 500 C,M +§ 3-State Bussed 18 173 37 
Am9111B 256 x 4 400 C,M +5 3-State Bussed 18 290 46 
Am91L.11B 256 x 4 400 C,M +5 3-State Bussed 18 173 37 
Am9111C 256 x 4 300 C,M +5 3-State Bussed 18 315 46 
Am91L.11C 256 x 4 300 C,M +5 3-State Bussed 18 189 37 
Am9111D 256 x 4 250 Cc +5 3-State Bussed 18 315 46 
Am9112A 256 x 4 500 C,M +5 3-State Bussed 16 290 46 
Am91L12A 256 x 4 500 C,M +5 3-State Bussed 16 173 37 
Am9112B 256 x 4 400 C,M “+5 3-State Bussed 16 290 46 
Am91L12B 256 x 4 400 C,M +5 3-State Bussed 16 173 37 
Am9112C 256 x 4 300 C,M +5 3-State Bussed 16 315 46 
Am91L12C 256 x 4 300 C,M +5 3-State Bussed 16 189 37 
Am9112D 256 x 4 "250 Cc +5 3-State Bussed 16 315 46 
Am9114B 1024 x 4 450 C,M +5 3-State Bussed 18 367 
Am9114C 1024 x 4 300 C,M +5 3-State Bussed 18 367 
Am9114E 1024 x 4 200 Cc +5 3-State Bussed 18 367 
Am91L14B 1024 x 4 450 C,M +5 3-State Bussed 18 262 
Am91L14C 1024 x 4 300 C,M +5 3-State Bussed 18 262 
Am91L14E 1024 x 4 200 Cc +5 3-State Bussed 18 262 
Am9124B 1024 x 4 450 C,M +5 3-State Bussed 18 367 157 
Am9124C 1024 x 4 300 C,M +5 3-State Bussed 18 367 157 
Am9124E 1024 x 4 200 Cc +5 3-State Bussed 18 367 157| 4 
Am91L24B 1024 x 4 450 C,M +5 3-State Bussed 18 262 105 
Am91L24C 1024 x 4 300 C,M +5 3-State Bussed 18 262 105 
Am91L24E 1204 x4 200 Cc +5 3-State Bussed 18 262 105 
Am9130A 1024 x 4 500 C,M +5 3-State Bussed 22 578 84 
Am9130B 1024 x 4 400 C,M +5 3-State Bussed 22 578 84 
Am9130C 1024 x 4 300 C,M +5 3-State Bussed 22 578 84 
Am9130D 1024 x 4 250 Cc +5 3-State Bussed 22 578 84 
Am9130E 1024 x 4 200 Cc +5 3-State Bussed 22 578 84 
Am91L30A 1024 x.4 500 C,M +5 3-State Bussed 22 367 72 
Am91L30B 1024 x4 400 C,M +5 3-State’ Bussed 22 367 72 
Am91L30C 1024°x 4 300 C,M +5 3-State Bussed 22 367 72 
Am91L30D 1024 x4 250 Cc +5 3-State Bussed 22 367 72 
Am9131A 1024 x 4 500 C,M +5 3-State Bussed 22 578 84 
Am9131B 1024 x 4 400 C,M +5 3-State Bussed 22 578 84 
Am9131C 1024 x 4 300 C,M +5 3-State Bussed 22 578 84 
Am9131D 1024 x 4 250 Cc +5 3-State Bussed 22 578 84 
Am9131E 1024 x 4 200 Cc +5 3-State Bussed 22 578 84 
Am91L31A 1024 x 4 500 C,M +5 3-State Bussed 22 367 72 
Am91L31B 1024 x4 400 C,M +5 3-State Bussed 22 367 72 
Am91L31C 1024 x4 300 C,M +5 3-State Bussed 22 367 72 
Am91L31D 1024 x 4 250 Cc +5 3-State Bussed 22 - 367 72 
Am9140A 4096 x 1 500 C,M +5 3-State Separate 22 578 84 
Am9140B "4096 x 1 400 C,M +5 3-State Separate 22 578 84 
Am9140C 4096 x 1 300 C,M +5 3-State Separate 22 578 84 
Am9140D 4096 x 1 250 Cc +5 3-State Separate 22 578 84 
Am9140E 4096 x 1 200 Cc +5 3-State Separate 22 578 - 84 
— Am91L40A 4096 x 1 500 C,M +5 3-State Separate 22 367 72 
Am91L40B 4096 x 1 400 C,M +5 3-State Separate 22 367 72 
Am91iL40C 4096 x 1 300 C,M +5 3-State Separate 22 367 72 
Am91L40D A096 x 1 250 Cc +5 3-State Separate 22 367 72 
Am9141A 4096 x 1 500 C,M +5 3-State Separate 22 578 84 
Am9141B 4096 x 1 400 C,M +5 3-State Separate 22 578 84 
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MOS MEMORY SELECTION GUIDE 


STATIC R/W RANDOM-ACCESS MEMORIES 























Maximum Data I/O Operating Standby 
Part Organi- Access Temp. Supply Config- Package Power Power 
Number zation Time (ns) Range Voltage Outputs — uration Pins Max (mW) Max (mW) 
Am9141C 4096 x 1 300 cC,M +5 3-State Separate 22 578 84 
Am9141D 4096 x 1 250 Cc +5 3-State Separate 22 578 84 
Am9141E 4096 x 1 200 Cc +5 3-State Separate 22 578 84 
Am91L41A 4096 x 1 500 C,M +5 3-State Separate 22 367 72 
Am91L41B 4096 x 1 400 C,M +5 3-State Separate 22 367 72 
Am91L41C 4096 x 1 300 C,M +5 3-State Separate 22 367 72 
Am91L41D 4096 x 1 250 Cc +5 3-State Separate 22 367 72 
Am9044B 4096 x 1 450 C,M +5 3-State Separate 18 385 
Am9044C 4096 x 1 300 C,M +5 3-State Separate 18 385 
Am9044D 4096 x 1 250 C,M +5 3-State Separate 18 385 
Am9044E 4096 x 1 200 Cc +5 3-State Separate 18 385 
Am9244B 4096 x 1 450 C,M +5 3-State Separate 18 385 165 
Am9244C 4096 x 1 300 C,M +5 3-State Separate 18 385 165 A 
Am9244D 4096 x 1 250 C,M +5 3-State Separate 18 385 165 
Am9244E 4096 x 1 200 Cc +5 3-State Separate 18 385 165 
Am90L44B 4096 x 1 450 C,M +5 3-State Separate 18 275 
Am90L44C 4096 x 1 300 C,M +5 3-State Separate 18 275 
Am90L44D 4096 x 1 250 Cc +5 3-State Separate 18 275 
Am92L44B 4096 x 1 450 C,M +5 3-State Separate 18 275 110 
Am92L44C 4096 x 1 300 C,M +5 3-State Separate 18 275 110} A 
Am92L44D 4096 x 1 250 Cc +5 3-State Separate 18 275 110 
Am9147-70 4096 x1 70 C,M +5 3-State Separate 18 990 it A 
Am9147-55 4096 x 1 55 Cc +5 3-State Separate 18 990 165 
AAutomatic power down with chip select. 
DYNAMIC R/W RANDOM-ACCESS MEMORIES 
Maximum Oper- Standby 
Access ating Data I/O Refresh Power- 
Part Organi- Time Temp. Supply Power Config- Package Time Max. 
Number zation (ns) Range Voltages (mW) Outputs uration Pins (ns) (mW) 
Am9050C 4096 x 1 300 Cc —5, +12 750  OpenDrain Bussed 18 2.0 3.0 
Am9050D 4096 x 1 250 Cc —§, +12 750 OpenDrain Bussed 18 2.0 3.0 
Am9050E 4096 x 1 200 Cc ~5, +12 750 OpenDrain Bussed 18 2.0 3.0 
Am9060C 4096 x 1 300 Cc +5, +12 750 3-State Separate 22 2.0 3.0 
Am9060D 4096 x 1 250 Cc #5, +12 750  3-State Separate 22 2.0 3.0 
Am9060E 4096 x 1 200 Cc +5, +12 750 3-State Separate 22 2.0 3.0 
Am90L50C 4096.x 4 300 Cc —5, +12 396 Open Drain Bussed 18 2.0 3.0 
Am90L50D 4096 x 1 250 Cc -5, +12 396 Open Drain Bussed 18 2.0 3.0 
Am90L50E 4096 x 1 200 Cc 5, +12 396 Open Drain Bussed 18 2.0 3.0 
AmS0L60C 4096 x 1 300 Cc #5, +12 396 3-State Separate 22 2.0 3.0 
AmS0L60D 4096 x 1 250 Cc +5, +12 396 3-State Separate 22 2.0 3.0 
Am90L60E 4096 x 1 200 Cc +5, +12 396 © 3-State Separate 22 2.0 3.0 
Amg9016C 16384 x 1 300 Cc #5, +12 480 3-State Separate 16 2.0 20.0 
Am9016D 16384 x 1 250 Cc #5, +12 480 3-State Separate 16 2.0 20.0 
Am9016E 16384 x 1 200 Cc +5, +12 480 3-State Separate 16 2.0 20.0 
Am9016F 16384 x 1 150 C +5, +12 480 3-State Separate 16 2.0 20.0 
READ-ONLY MEMORIES 
Part — Access Time Supply Operating Power — 
Number Organization (ns) Temp. Range Voltages Max. (mW) Outputs 
C8316A 2048 x 8 850 Cc +5 514 3-State 
C8316E 2048 x 8 450 Cc +5 499 3-State 
Am9208B 1024 x 8 400 C,M +5, +12 620 3-State 
Am9208C 1024 x 8 300 C,M +5, +12 620 3-State 
Am9208D 1024 x 8 250 Cc +5, +12 700 3-State 
Amg9214 512 x8 500 C,M +5 263 3-State 
Am9216B 2048 x 8 400 C,M +5, +12 660 3-State 
Am9216C 2048 x 8 300 Cc +5, +12 700 3-State 
Am9217A 2048 x 8 550 C,M +5 367 3-State 
Am9217B 2048 x 8 450 C,M +5 367 3-State 
Am9218B 2048 x 8 450 C,M +5 367 3-State 
Am9218C 2048 x 8 350 Cc +5 367 3-State 
Am9232 4096 x 8 350 C,M +5 500 3-State 


MOS MEMORY SELECTION GUIDE 


ERASABLE PROGRAMMABLE READ-ONLY MEMORY 








Part Access Time Supply = Operating Power — 

Number Organization (nsec) Temp. Range Voltages Max. (mW) Outputs 
Am1702A 256 x 8 1000 CLE —9V, +5V 676 3-State 
Am1702A-1 256 x 8 550 CLE —9V, +5V 676 3-State 
Am1702A-2 256 x 8 650 C,E —-9OV, +5V 676 3-State 
Am1702AL 256 x 8 41000 C,E —9V, +5V - 3-State 
Am1702AL-1 256 x 8 550 C,E —9V, +5V — 3-State 
Am1702AL-2 256 x 8 650 C,E -9V, +5V a 3-State 
Am2708 1024 x 8 450 C,M +5V, +12V, -5V 800 3-State 

*Am2716 2048 x 8 . 450 Cc +5V = 3-State 
*#**#AM2732 4192 x8 450 Cc +5V - 3-State 


a 
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Am9016 


16,384 x 1 Dynamic R/W Random Access Memory 










GENERAL DESCRIPTION 


The Am9016 is a high speed, 16k-bit, dynamic, read/write 
random access memory. It is organized as 16,384 words by 
1 bit per word and is packaged in a standard 16-pin DIP. The 
basic memory element is a single transistor cell that stores 
charge on a small capacitor. This mechanism requires periodic 
refreshing of the memory cells to maintain stored information. 








DISTINCTIVE CHARACTERISTICS 


@ High density 16k x 1 organization 
@ Direct replacement for MK4116 
@ Low maximum power dissipation — 

462mW active, 20mW standby 
High speed operation — 150ns access, 320ns cycle 
+10% tolerance on standard +12, +5, —5 voltages 
TTL compatible interface signals 
Three-state output 
RAS only, RMW and Page mode clocking options 
128 cycle refreshing 
Unlatched data output 
Standard 16-pin, .3 inch wide dual in-line package 
Double poly N-channel silicon gate MOS technology 
100% MIL-STD-883 reliability assurance testing 




















All input signals, including the two clocks, are TTL compatible. 
The Row Address Strobe (RAS) loads the row address and the 
Column Address Strobe (CAS) loads the column address. The 
row and column address signals share 7 input lines. Active | 
cycles are initiated when RAS goes low, and standby mode is 
entered when RAS goes high. In addition to normal read and 
write cycles, other types of operations are available to improve 
versatility, performance, and power dissipation. 













The three-state output buffer turns on when the column access 
time has elapsed and turns off after CAS goes high. Input and 
output data are the same polarity. 
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COLUMN DECODERS 
1 OF 64 


ORDERING INFORMATION 


Access Time 


| 300ns_ | _~—s250ns 200ns 150ns 
AMg016CDC | AM9016DDC | AM9016EDC | AM9016FDC 
AMg016CPC | AMSO16DPC | AM9016EPC | AM9O16FPC 






















Ambient 
Temperature 


Package 
Type 
Hermetic DIP 


Molded DIP 













o°C <= Ty = +70°C 
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Top View 
Pin 1 is marked for orientation. 





MAXIMUM RATINGS beyond which useful life may be impaired 


Storage Temperature 





Ambient Temperature Under Bias 

Voltage on Any Pin Relative to VBB 

VDD and VCC Supply Voltages with Respect to VSS 
VBB - VSS (VDD — VSS > OV) 
Power Dissipation 

Short Circuit Output Current 
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CONNECTION DIAGRAM 


AO — A6 ADDRESS INPUTS 


CAS COLUMN ADDRESS STROBE 
DI DATA IN 

DO DATA OUT 

RAS ROW ADDRESS STROBE 
VDD POWER (+12V) 

vcc POWER (+5V) 

vss GROUND 

VBB POWER (—5V) 

WE WRITE ENABLE 


MOS-191 





—65°C to +150°C 
0°C to +70°C 
-0.5V to +20V 








A cn ners 





50mA 


re rr ap 
The products described by this specification include internal circuitry designed to protect input devices from damaging accumulation of 
static charge. It is suggested nevertheless, that conventional precautions be observed during storage, handling, and use in order to avoid 


exposure to excessive voltages. 


OPERATING RANGE 
Ambient Temperature VDD vcc vss 


3 


VBB 


0°C < Ty < +70°C +12v =10% | +sv+10% | 0 | -S.0Vv +10% 


ELECTRICAL CHARACTERISTICS over operating range (Notes 14, 11) 


Description 


Am9016X 


Test Conditions Typ. Max. Units 


Min. 
VOH Output HIGH Voltage IOH = —5.0mA Volts 
VOL Output LOW Voltage IOL = 4.2mA Volts 


VIH Input HIGH Voltage for Address, Data In 


VIHC input HIGH Voltage for CAS, RAS, WE 


VIL Input LOW Voltage 


U 
i:") 
= 
i) 
oO 
- 
: ® 
= 
@ 


IX Input Load Current VSS <= VI < 7V 
VSS < VO < VCC, Output OFF 
Output OFF (Note 4) 
Standby, RAS = VIHC 
Operating, Minimum Cycle Time 


RAS Cycling, CAS Cycling, 
Minimum Cycle Times 


RAS < VIL, CAS Cycling, 
Minimum Cycle Times 


RAS Cycling, CAS = VIHC, 
Minimum Cycle Times 


le) 
ICC 





Output Leakage Current 
VCC Supply Current 







IBB 






VBB Supply Current, Average 












Operating IDD1 
















Page Mode IDD4 





VDD Supply Current, Average 






RAS Only 


Refresh IODS 


y 
Oo 





co Output Capacitance Output OFF 
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Standby IDD2 RAS = VIHC 
; RAS, CAS, WE Inputs at OV, f = 1MHz, 
Input Capacitance Address, Data In Nominal Supply Voltages 
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Am9016 
SWITCHING CHARACTERISTICS over operating range (Notes 2, 3, 5, 10) 
























































Data In Stable to CAS LOW or 
WE LOW Set-up Time (Note 7) 


“|e 


— 
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Am9016C Am9016D Am9016E Am9016F 
Parameters Description Min Max Min Max Min Max Min Max Units 
tAR RAS LOW to Column Acidress Hold Time | 200 | | 160 | | 20 | | gs 
Column Address Set-up Time -10 
Row Address Set-up Time Yo LO = 0 
Access Time from CAS (Note 6) rf as |] tes | 135 100 
CAS LOW to Column Acidress Hold Time | a | | 8 | 55 | 45 
CAS Pulse Width 10,000 | 135 | 10,000 | 100 | 10,000 
Page Mode CAS Precharge Time | 100 | ~~ | 10 | 80 60 
CAS to RAS Precharge Time | -20 | | -20 | —20 | -20 [| | 
| tcsH_ _| GAS Hold Time 300 | 250 | [200 | 150 
| tcwo _| CAS LOW to WE LOW Delay (Note 9) 145 125 | 95 | 70 
WE LOW to CAS HIGH Set-up Time —— 85 — 70 50 
ea cae bow eon to Data In Valid ae 35 ae 
RAS LOW to Data In Valid Hold Time 200 | 95 | 
rd 
| tOFF | 0 


CAS LOW to RAS HIGH Delay | 185 | 
tRWC _| Read/Write Cycle Time | 525 | 
RAS LOW to WE LOW Delay (Note 9) | 260 _| 
tRWL _| WE LOW to RAS HIGH Set-up Time 
tT Transition Time | 3 | 
{WCH _| Write Hold Time | 85 | 
twcR _| RAS LOW to Write Hold Time | 200 | 
tWCS pt to CAS LOW Set-up Time 20 | 
{WP Write Pulse Width } 85 | 
NOTES 


@ ho = 


AS 


ou 


i 

















170 








tOFF CAS HIGH to Output OFF Delay 60 
tPC Page Mode Cycle Time 295 275 
tRAC Access Time from RAS (Note 6) 300 


RAS LOW to Row Address Hold Time 
RAS Pulse Width 


tRAH 


tRAS 300 


tRC Random Read or Write Cycle Time 
tRCD RAS LOW to CAS LOW Delay (Note 6) 
tRCH Read Hold Time 


tRCS Read Set-up Time 


tREF Refresh Interval 
tRMW Read Modify Write Cycle Time 
tRP RAS Precharge Time 150 


. Typical values are for Ta = 25°C, nominal supply voltages and 


nominal processing parameters. 


. Signal transition times are assumed to be 5ns. Transition times are 


measured between specified high and low logic levels. 


. Timing reference levels for both input and output signals are the 


specified worst-case logic levels. 


. VCC is used in the output buffer only. ICC will therefore. depend only 


on leakage current and output loading. When the output is ON and 
at a logic high level, VCC is connected to the Data Out pin through 
an equivalent resistance of approxirnately 1350. In standby mode 
VCC may be reduced to zero without affecting stored data or refresh 
operations. 


. Output loading is two standard TTL loads plus 100pF capacitance. 
. Both RAS and CAS must be low to read data. Access timing will 


depend on the relative positions of their falling edges. When tRCD is 
less than the maximum value shown, access time depends on RAS 
and tRAC governs. When tRCD is more than the maximum value 
shown access time depends on GAS and tCAC governs. The 
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maximum value listed for tRCD is shown for reference purposes 
only and does not restrict operation of the part. 

7. Timing reference points for data input set-up and hold times will 
depend on what type of write cycle is being performed and will be 
the later falling edge of CAS or WE. 

8. At least eight initialization cycles that exercise RAS should be per- 
formed after power-up and before valid operations are begun. 

9. The tWCS, tRWD and-tCWD parameters are shown for reference 
purposes only and do not restrict the operating flexibility of the part. 
When the falling edge of WE follows the falling edge of CAS by at 
most tWCS, the data output buffer will remain off for the whole cycle 
and an “early write” cycle is defined. When the falling edge of WE 
follows the falling edges of RAS and CAS by at least tRWD and 
tCWD respectively, the Data Out from the addressed cell will be 
valid at the access time and a “read/write” cycle is defined. The 
falling edge of WE may also occur at intermediate positions, but the 
condition and validity of the Data Out signal will not be known. 

10. Switching characteristics are listed in alphabetical order. 
11. All voltages referenced to VSS. 
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SWITCHING WAVEFORMS (Cont.) 
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APPLICATION INFORMATION — 


The Am9016 electrical connections are such that if power is 
applied with the device installed upside down it will be perma- 
nently damaged. Precautions should be taken to avoid this 
mishap. 


j 


OPERATING CYCLES 


Random read operations from any location hold the WE line 

high and follow this sequence of events: 

1) The row address is applied to the address inputs'and RAS is 
switched low. 

2) After the row address hold time has elapsed, the column 
address is applied to the address inputs and CAS is switched 
low. ; a 

3) Following the access time, the output will turn on and valid 
read data will be present. The data will remain valid as long 
as CAS is low. 

4) CAS and RAS are then switched high to end the operation. 
A new cycle cannot begin until the precharge period has 
elapsed. 


4 


Random write operations follow the same sequence of events, 
except that the WE line is low for some portion of the cycle. If 
the data to be written is available early in the cycle, it will 
usually be convenient to simply have WE low for the whole 
write operation. 


Sequential Read and Write operations at the same location can 
be designed to save time because re-addressing is not necessary. 
A read/write cycle holds WE highuntil avalid read is established 
and then strobes new data in with the falling edge of WE. 


After the power is first applied to the device, the internal cir- 
cuit requires execution of at least eight initialization cycles 
which exercise RAS before valid memory accesses are begun. 





ab 


ADDRESSING 


14 address bits are required to select one location out of the 
16,384 cells in the memory. Two groups of 7 bits each are 


multiplexed onto the 7 address lines and latched into the. 


internal address registers. Two negative-going external clocks 
are used to control the multiplexing. The Row Address Strobe 
(RAS) enters the row address bits and the Column Address 
Strobe (CAS) enters the column address bits. 


When RAS is inactive, the memory enters its low power stand- 
by mode. Once the row address has been latched, it need not 
be changed for successive operations within the same row, 
allowing high-speed page-mode. operations. , 


Page-mode operations first establish the row address and then 
maintain RAS Jow while CAS is repetitively cycled and desig- 
nated operations are performed. Any column address. within 
the selected row may be accessed in any sequence. The maxi- 
mum time that RAS can remain low is the factor limiting the 
number of page-mode operations that can be performed. 


Multiplexed addressing does not introduce extra delays in the 
access path. By inserting the row address first and the column 
address second, the memory takes advantage of the fact that 
the delay path through the memory is shorter for column 
addresses. The column address does not propagate through the 
cell matrix as the row address does and it can therefore arrive 
somewhat later than the row address without impacting the 
access time. 


Am9016 





REFRESH 


The Am9016 is a dynamic memory and each cell must be re- 
freshed at least once every refresh interval in order to maintain 
the cell contents. Any operation that accesses a row serves to 
refresh all 128 cells in the row. Thus the refresh requirement 
is met by accessing all 128 rows at least once. every refresh 
interval. This may be accomplished, in some applications, in 
the course of performing normal operations. Alternatively, 
special refresh operations may be initiated. These special 
operations could be simply additional conventional accesses or 
they could be “RAS-only” cycles. Since only the rows need to 
be addressed, CAS may be held high while RAS is cycled and 
the appropriate row addresses are input. Power required for 
refreshing is minimized and simplified control circuitry will 
often be possible. 


DATA INPUT/OUTPUT 

Data is written into a selected cell by the combination of WE 
and CAS while RAS is low. The later negative transition of WE 
or CAS strobes the data into the internal register. In a write 
cycle, if the WE input is brought low prior to CAS, the data is 
strobed by CAS, and the set-up and hold times are referenced 
to CAS. If the cycle isa read/write cycle then the data set-up 
and hold times are referenced to the negative edge of WE. 


In the read cycle the data is read by maintaining WE in the 
high state throughout the portion of the memory cycle in 
which CAS is low. The selected valid data will appear at the 
output within the specified access time. 


DATA-OUTPUT CONTROL 


Any time CAS is high the data output will be off. The output 
contains either one or zero during read cycle after the access 
time has elapsed. Data remains valid from the access time until 
CAS is returned to the high state. The output data is the same 
polarity as the input data. 


The user can control the output state during write operations 
by controlling the placement of the WE signal. tn the “early 
write’ cycle (see note 9) the output is at a high impedance 
state throughout the entire cycle. 


POWER CONSIDERATIONS 


RAS and/or CAS can be decoded and used as a chip select 
signal for the Am9016 but overall system power is minimized 
if RAS is used for this purpose. The devices which do not 
receive RAS will be in low power standby mode regardless 
of the state 6f CAS. : 





At all times the Absolute Maximum Rating Conditions must 
be observed. During power supply sequencing VBB should 
never be more positive than VSS when power is applied to VDD. 
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tRAC (VDD)/tRAC (VDD = 12V) 


23°C) 


IDD3 — mA tRAC (Tc)tRAC (Tc 


IDD2 — mA 


Typical Access Time 
(Normalized) 
tRAC Versus VDD 


1.2 


VA 


1.0 





0.9 


0.8 

















0.7 
10 ah 12 13 14 


VDD SUPPLY VOLTAGE — VOLTS 
Typical Access Time 
(Normalized) 
tRAC Versus 
Case Temperature 


1.2 


11 
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0.9 
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0.7 
—10 20 50 80 110 


Tc, CASE TEMPERATURE — °C 


Typical Refresh Current 
(DD3 Versus VDI) 














10 ah 12 13 14 
VDD — VOLTS 


Typical Standby Current 
IDD2 Versus 
Case Temperature 


1.4 


1.2 








1.0 





0.8 


0.6 

















0.4 
-10 20 50 80 110 


Tc, CASE TEMPERATURE — °C 


IDD1 — mA tRAC (VBB)/tRAC (VBB = —5V) 


IDD4 — mA 


IDD3 — mA 


TYPICAL CHARACTERISTICS 


Typical Access Time 
(Normalized) 
tRAC Versus VBB 








0.7 
—4.0 


—4.5 


VBB — VOLTS 


Typical Operating Current 
IDD1 Versus VDD 








VDD — VOLTS 


Typical Page Mode 
Current 
IDD4 Versus VDD 











VDD — VOLTS 


Typical Refresh Current 
IDD3 Versus 
Case Temperature 


VDD = 13.2V ; 

















tRAC (VCC)/tRAC (VCC = 5V) 


IDD2 — mA 


IDD1 — mA 


1DD4 — mA 











Typical Access. Time 
(Normalized) 
tRAC Versus VCC 














“4.0 4.5 5.0 5.5 6.0 
vcc — VOLTS 


Typical Standby Current 
IDD2 Versus VDD 











“10 1 12 13 14 
. VDD — VOLTS 


Typical Operating Current 
IDD1 Versus 
Case Temperature 


VDD = 13.2V 
| 

















5 . 
—10 20 50 80 110 
Tc, CASE TEMPERATURE — °C 


Typical Page Mode Current 
IDD4 Versus 
Case Temperature 
16 
VDD = 13.2V 
14 





12 





10 














6 
~—10 20 50 80 110 


Tc, CASE TEMPERATURE — °C 
MOS-197 














Am9016 








TYPICAL CHARACTERISTICS (Cont.) 


input Voltage Levels Input Voltage Levels Input Voltage Levels 
Versus VDD Versus VDD Versus VBB 

































































































“| To = 23°C 
o VDD = 12V 
an Ee oo ste Se he 
5 a 2 
$ 4 g VIHC 
t I 4 
al 
Ss a i 
> it > 
TY) cs ui “ 
al be at 
od > kK 
P=) a > 
Fe zZ ~ z 1 
13 14 40 -45 -5.0 -—5.5 -6.0 
VDD — VOLTS VDD — VOLTS VBB — VOLTS 
input Voltage Levels Input Voltage Levels 
Input Voltages Levels Versus Versus 
Versus VBB Case Temperature Case Temperature 
3.0 3.0 
VDD = 12V VDD = 12V 
~ VBB = —5V eae = 
5 5 2.5 5 i a Naeaeac Ie pad eres 
fe) re) 9 
> > ee VIHC (MIN) = 5 
| | 2. 1 2. i— vy = 
. & 2 iH (MIN) 
wl e VILC (MAX) > 
iy iy 1.5 wy 145 
: : : 
z Zz 1.0 Zz 10 
F 0.5 0.5 
-40 -45 -5.0 -55 -6.0 —10 20 50 =10 20 50 80 = 10 
V8B — VOLTS Tc, CASE TEMPERATURE — Tc, CASE TEMPERATURE — °C 


TYPICAL CURRENT WAVEFORMS 


RAS/CAS LONG RAS/CAS 





RAS ONLY 




















































































































ISS — mA _ 
50ns/DIV 
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Am9016 














Y-Address Lines 



























































So a SERVE Column — ee Bo, __ 
000001 0 
00 0 1 
ae x 010 
2S 2044 3 
N= sx 
2 S | 
yx 
= & 0 7 
Data Array Left pee ere Data Array Right 
ee % F Pcdabbeetoddeee Mbit: Lig 
© 
0 15 
1 
0) 31 
1 
Column Decode Transition Row Decode Transition 
AO every 64 columns OTA 63 AO every 64 rows 
Al every 16 columns 1000001 Al every 16 rows 
A2_ every 32 columns 000 65 A2_ every 32 rows 
A3 every 8 columns A3 every 8 rows 
A4_ every 4 columns a 10 A4 every 4 rows 
A5 every 2 columns ooit 67 A5 every 8 rows 
A6 every 4 columns Eg | A6 every 8 rows 
1; Se 
> 1 
vt 
_ 
) 79 
1 
0 95 
1 
1171439714 127 
1 (64x) 1 0 - (64x) —_——_-—_--——_> 0 
1 (16x) ———» 1/0 0 1 (16x) —~ 1/0 0 
1 ——-—— (32x) —_——__—_—_ 10 0 1 - (32x) = 1/0 0 
1 —— (8x) —~ 1/0 ) | —— (8x) ——= 110 0 
1114 0000 0 1111 0000 1 
1100 0011 0 1100 0011 1 
1001 0110 0 0110 1001 1 
| | | | | 
D Bs) D D D D D D D D D D 
ro) ° io) ° (2) ° 9° re) 9° a) co) re) 
= = = = = = = = = = = = 
oO i) NN an W fon) m fo) ~ NI oo < 
w & N © on ey 


X-Decode Left. 


TOPOLOGICAL BIT MAP 


X-Decode Right 
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Am9016 





Metallization and Pad Layout 


BERERE 


im, 
PRR ee 


POURRA RMR, 





DIE SIZE 0.106” X 0.205” 
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Am9044 « Am9244 


4096 x 1 Static R/W Random Access Memory 































DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION 
e LOW OPERATING POWER (MAX) The Am9044 and Am9244 are high performance, static. N- 
Am9044/Am9244 385mW (70mA) Channel, read/write, random access memories organized as 


Am90L44/Am92L44 275mW (50mA) 4096 x 1. Operation is from a single 5V supply, and all input 
e@ LOW STANDBY POWER (MAX) output levels are identical to standard TTL specifications. Low 

Am92L44 110mW (20mA) power versions of both devices are available with power sav- 
e@ Access times down to 200ns (rnax) ings of about 30%. The Am9044 and Am9244 are the same 
@ Military temperature range available to 250ns (max) except that the Am9244 offers an automatic CS power down 
e Am9044 is a direct plug-in replacement for 4044 : feature. 
e Am9244 pin and function compatible with Am9044 and The Am9244 remains in a low power standby mode as long 

4044 plus CS power down feature as CS remains high, thus reducing its power requirements. 
e@ Fully static — no clocking 


The Am9244 power decreases from 385mW to 165mW in the 


e Identical access and cycle time standby mode, and the Am92L44 from 275mW to 110mW. The 


@ High output drive ~ CS input does not affect the power dissipation of the Am9044. 
4.0mA sink current @ 0.4V ; . ; 
@ TTL identical interface logic levels Data readout is not destructive and the same polarity as data 


100% MIL-STD-883 reliability assurance testing input. CS provides for easy selection of an individual package 
when the outputs are OR-tied. The outputs of 4.0mA for 
Am9244 and-Am9044 provide increased short circuit current for 
improved compacitive drive. 


BLOCK DIAGRAM CONNECTION DIAGRAM 


ADDRESS 0 (_] 1° 
——-— GND ADDRESS 1 [] 2 17 |] ADDRESS 6 


ADDRESS 2 | | 3 16 | }] ADDRESS 7 
MEMORY ARRAY 


64 ROWS 


ADDRESS 3 [_| 4 15 [_] ADDRESS 8 
64 COLUMNS 


ADDRESS 4 [_] 5 14 [_] ADDRESS 9 

ADDRESS 5 [_] 6 13 [-] ADDRESS 10 

DATA OuT []7 12 [ ] ADDRESS 11 
WRITE ENABLE [ | 8 11 [_] DATA IN 


COLUMN I/O CIRCUITS DOUT - GND (VSS) [_] 9 10 |_| CHIP SELECT 


COLUMN SELECT 


Top View 


Pin 1 is marked for orientation. 
MOS-256 MOS-257 





ORDERING INFORMATION 


Access Times 












Ice 
Current 
Level 










Ambient paiee?? 


Temperature 


Package 
Type 

























AM9044BPC 
AM90L44BPC 
AM9044BDC 

AMS0L44BDC 


AM9044CPC 
AM90L44CPC 
AM9044CDC 
AM90L44CDC 





AM9044DPC AMS044EPC AM92446PC 
AM90L44DPC AM92L44BPC 
AM904400C AM9044EDC, AM9244BDC 
AM90L44DDC AM92L44BDC 


AM9244CPC 
AM92L44CPC 
AM9244CDC 

AM92L44CDC 


AM9244DPC 
AM92L44DPC 
AM9244DDC 
AM92L44DDC 


AM9244EPC 











Plastic 







































orc = Ty S$ +70°C 










AM9244EDC 
Hermetic 



























AM9244CDM AM9244DDM 
AM92L44CDM 


AM92448DM 
AM92L44BDM 


AMS044CDM AM9044DDM 


AMS0L44CDM 


“| AM9044BDM 
AMS90L448DM 






—56°C <= Ta = +125°C Hermetic 
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MAXIMUM RATINGS beyond which useful life may be impaired 


Storage Temperature 


Am9044 +« Am9244 


-~65°C to +150°C 





Ambient Temperature Under Bias 


55°C to +125°C 














VCC with Respect to VSS —0.5V to +7.0V 
All Signal Voltages with Respect to VSS : — 0.5V to +7.0V 
Power Dissipation (Package Limitation) a 1.0W 
DC Output Current are 40mA 





The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations _ 
of static charge. It is suggested nevertheless, that conventional precautions be observed during storage, handling and use in order to 
avoid exposure to excessive voltages. 


OPERATING RANGE 


Part Number Ambient Temperature VSS vcc Part Number Ambient Temperature VSS vec 





Am9044DC/PC 
Am90L44DC/PC 
Am9244DC/PC 


Am92L44DC/PC 





Am9044DM 
Am90L44DM 
Am9244DM 


OV +5.0V: +10% 





—55°C < Ty, < +125°C +5.0V +10¢/ 


Am92L44DM 


ELECTRICAL CHARACTERISTICS over operating range 


Parameter Description 





Output High Current 


Output Low Current 


input High Voltage 


Test Conditions 


VOH = 2.4V VCC =4.5V | | 
VOH = 2.4V VCC = 4.5V 


Ta = +70°C 


VOL = 0.4V 
Ta = +125°C 


Am9244XX Am9044XX 
Am92L44XX Am90L44XX 


Min. Typ. Max. Min. Typ. Max. Units 











Input Low Voltage 





input Load Current 


VSS = VIs VCC 











Output Leakage Current 


0.4V<VO<VCC | Ta=+125°C 
Output Disabled Ta = +70°C 











Input Capacitance (Note 1) Test Frequency = 1.0MHz 


V/O Capacitance (Note 1) 





Ta = 25°C, All pins at OV 





ELECTRICAL CHARACTERISTICS over operating range 


Parameter Description 


VCC Operating 
Supply Current 


Test Conditions 


Max. VCC CS < VIL 
for Am9244/92L44 





Am92L44 Am9244 Am90L44 Am9044 
Typ. Max. Typ. Max. Typ. Max. Typ. Max. Units 








Automatic CS Power 
Down Current 


Max. Voc 








Notes: 


1. Typical values are for T, 


(CS = Vj) 


25°C, nominal supply voltage 


and nominal processing parameters. 
2. For test purposes, not more than one output at a time 
should be shorted. Short circuit test duration should not 


exceed 30 seconds. 


3. Test conditions assume signal transition times of 10ns or 
less, timing reference levels of 1.5V and output loading of 
one standard TTL gate plus 100pF. 
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. The internal write time of the memory is defined by the 


overlap of CS low and WE low. Both signals must be low 
to initiate a write and either signal can terminate a write by 
going high. The data input setup and hold timing should be 
referenced to the rising edge of the signal that terminates 
the write. 


. Chip Select access time (tco) is longer for the Am9244 


than for the Am9044. The specified address .access time 
will be valid only when Chip Select is low soon enough for 
tco to elapse. 


Am9044 - Am9244 


SWITCHING CHARACTERISTICS over operating range (Note 3) 


Am9044B Am9044C Am9044D Am9044E 
Am9244B-- Am9244C Am$244D Am9244E 


Parameter Description ’ Min. Max. Min. Max. Min. Max. Min. Max. Units. 
Read Cycle 


Address Valid. to Address Do Not Care Time 
(Read Cycle Time) 


Address Valid to Data Out Valid Delay 
(Scions Lesa Time) 




















Am9044 





Chip Select Low to Data Out Valid (Note 5) 108 | 











~ Chip Select Low to ‘Data Out On 
_Chip : Select t High to Data Out Off 


Address Unknown to Data Out Unknown Time 

















Address Valid to Address Do Not Care Time 
(Write Cycle Time) — 








Write Enable Low to eee 


Write Enable High Time (Note a Am9244 





Write Enable High to Address Do ‘Not Care Time 


| Write Enable Low to Data Out Off Delay 
Data In Valid to Write Enable High Time 























_ Write Enable Low t to Deta In Do Not C Care Time 











_ Address Valid to Write Enable Low Tit Time 


“Chip Select High to Power Low Delay (Am9244 only) 


_ Chip Select Low to Power High Delay (Amg244 only) 






































nee 4) 





“Write Enable High To Clutput Turn On 


SWITCHING WAVEFORMS 


READ CYCLE__. bh READ CYCLE WRITE CYCLE _ 
tRC a two 


0 " XXX) XY ez 
aati wy [XX Nee X x x) x»? 


| Pies tow 
(NOTE 4) | 
_— ; AY nee ne, | gw 
eitt® a LLRX i 
tWR 
Pe ee 4) 


WRITE 
ENABLE ane ed —1CO ——» 
tOTD toTW 
t0X —— | tCX | tOTD- — j-—+|—1wo 
VS/V/ | \/ 

pATAOUT ——_———_———_—. x ourest ¢ AVY %/ output \D AX 

VALID RY YY = VALID OX) ) rg 
=| a — anpaess— 
































L _ tA ——e| |~—— tDH 
(ADDRESS — 
ACCESS) —- tOHA ACCESS) -— tOHA-->| f= t0W-= 
OX/ INPUT Wy 
DATA IN semmerrncrrete eer Pert STABLE A 


POWER DOWN WAVEFORM (Am9244 ONLY) 


CHIP : 
SELECT ' 
sees ae | 


a a ae 
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MOS-258 





Am9044 « Am9244 


TYPICAL CHARACTERISTICS 























































































Typical ICC Typical tacc Typical C Load Versus 
Versus VCC Characteristics Versus VCC Characteristics Normalized tacc Characteristics 

1.50 1.2 1.15 

1.10 
8 g 1.4 g 
Qa ~ 

wu ® 9 1.05 
= N N 
z 5S 1.0 Ss 

= = = 1.00 
g 9 S 

0.9 = 666 

80 ; : : 6. 0-90 00 200 300 400 
vec ; CAPACITANCE LOAD — pF 
Normalized tacc ; Normalized ICC 
Versus Ambient Temperature _ Versus Ambient Temperature 



























































VCC = 5.0V 
Ge Fare eps 
oO 
’ a 
a Am9044 AND Am9244 w Amg9244 
N sath y batt 
< < 
= =. 
5 
S 2 
: 0.7 
-55 -25 0 28 50 70 100 125 -55 -25 0 25 50 70 100 125 
Ty, — AMBIENT TEMPERATURE — °C T, — AMBIENT TEMPERATURE — °C 

















































MOS-259 z 
BIT MAP 
Ay Ag Voc A3 
ae 2 1 Vep 18 17 ie ay 
Address Designators Res 8 15 As 
External Internal 
AO A2 
Al Al 
A2 AO 
A3 A8& 
A4 AQ 
A5 A10 
A6 A3 
A7 A4 
A8 A5 
AQ A7 
A6 
| rr 
6 ——= : 
7 13° Ag 
8 12 Ayy 


9 10 SS AT SOI 





nee we & a 


Am9114 


1024 x 4 Static R/W Random Access Memory 


















DISTINCTIVE CHARACTERISTICS ‘ GENERAL DESCRIPTION 


e Access times down to 200ns (max) The Am9114 is a 4096-bit high performance, static, 

@ Military temperature range available to 300ns (max) N-channel, read/write, random access memory organized 

e Direct plug-in replacement for 2114 1024 words by 4 bits. Operation is from a single +5V power 

@ Low operating power (max) supply, and all interface levels are identical to standard TTL 
Am9114 525mW (100mA Icc) specifications. 


Am9iL14 — 368mW (70mA Icc) Common data input/output pins are provided. Readout is non- 


iy te rac gl cycle ne ; destructive and is the same polarity as data input. Chip Select 

2 Full SOOM. WOISE EASE Ore UNE (CS) provides simplified selection of an individual package when 

> Tie identical inputou fpint levels : the outputs are OR-tied. The output of 3.2mA provides increased 

e Pin compatible with industry standard 4K bipolar PROMs short-circuit current for improved capacitive drive. 

e Single +5V power supply : 

e High density 18 pin package A low-power version, the Am91L14, reduces power consump- 

@ High output drive tion by 30%. Additional power savings are available from the 
3.2mA sink current @ 0.4V pin compatible Am9124 which provides lower operating power 
41.0MA source current @ 2.4V plus automatic power-down on deselection. 


100% MIL-STD-883 reliability assurance testing 


BLOCK DIAGRAM CONNECTION DIAGRAM 







ADDRESS 
BUFFERS 
























STORAGE MATRIX 


appress 6 [1] 1° 





ROW 
DECODERS 


ADDRESS 5 |_| 2 17 |_| ADDRESS 7 
ADDRESS 4 [_] 3 16 | | ADDRESS 8 


ADDRESS 3 [_| 4 15,[_] ADDRESS 9 
Am9114 


AOD! . 
a Appress 0 [|_| 5 14 |_| INPUT/OUTPUT 1 


BUFFERS 
COLUMN appress 1 [_]| 6 13 [_] .INPUT/OUTPUT 2 


DECODERS 
ADDRESS 2 | | 7 12 | ] INPUT/OUTPUT 3 


CHIP SELECT [_| 8 11 [| INPUT/OUTPUT 4 


GND (vss) [_] 9 WRITE ENABLE 
DATA BUFFERS 


Top View 
Pin 1 is marked for orientation. 
MOS-260 : MOS-261 










ORDERING INFORMATION 
Ambient 


Access Times 
Package | Power |- 
Temperature Type Level 450ns 300ns 200ns 


Am9114BPC | Am9114CPC | Am9114EPC 
| LOW | Am91L14BPC AmiL14CPC | 
orc = Tag = 70°C 


aa Am9114BDC_ | Am9114CDC a 
Low | Am91L14BDC | Am91L14CDC 
STD | Am9114BDM | Am9114CDM 


Am91L14BDM | Am91L14CDM 























Hermetic 
































—-55°C <= 





Ta = +125°C | Hermetic 
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MAXIMUM RATINGS beyond which useful life may be impaired 


Storage Temperature 


Am9114 


~65°C to +150°C 








Ambient Temperature Under Bias 


—55°C to +125°C 











Vcc with Respect to Vss 





—0.5V to +7.0V 





All Signal Voltages with Respect to Vss 


—0.5V to +7.0V 











Power Dissipation (Package Limitation) 


1.0W 











DC Output Current 


10mA 





The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations 
of static charge. it is suggested nevertheless, that conventional precautions be observed during storage, handling and use in order to 


avoid exposure to excessive voltages. 


OPERATING RANGE 
Part Number Ambient Temperature Vss Voc 










Am9114DC/PC 
Am91L14DC/PC 


Am9114DM 
Am91L14DM 







0°;C < Ta < +70°C * +5.0V +5% 
















~55°C <= Ty < +125°C +5.0V +10% 


ELECTRICAL CHARACTERISTICS over operating range 


Parameter Description Test Conditions Min. Typ. Max. 


Am9114 


Ta = 70°C, lon = —1.0mA 
V Output High Voltage a, , oR ae ee oo ae ee 


Ta = 125°C, Io. = 2.4mA 


Min. 


Am91L14 
Typ. Max. Units 








Output Low Voltage 
Ta = 70°C, lo = 3.2mA 








Input High Voltage 








Input Low Voltage 





Input Load Current Vss = Vi = Voc 








Vss = Vo = Vec Ta = 125°C 
Output Leakage Current Output Disabled Ta = 70°C 








Output High Short Circuit Current | (Note 2) 


























Voc Supply Current MAX. Voc 
Ta = —55°C 
Input Capacitance (Note 1) Test Frequency = 1.0MHz 
1/O Capacitance (Note 1) Ta = 25°C, All pins at OV 
Notes: 
1. Typical values are for Ta = 25°C nominal supply voltage 4. The internal write time of the memory is defined by the 
and nominal processing parameters. overlap of CS low and WE low. Both signals must be low 
2. For test purposes, not more than one output at a time to initiate a write and either signal can terminate a write by 
should be shorted. Short circuit test duration should not going high. The data input setup and hold timing should be 
exceed 30 seconds. referenced to the rising edge of the signal that terminates 
3. Test conditions assume signal transition times of 10ns or the write. 


less, timing reference levels of 1.5V and output loading of 
one standard TTL gate plus 100pF. 
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Am9114 


SWITCHING CHARACTERISTICS over operating range (Note 3) 
Am9114B Am9114C Am9114E 


Parameter Description Min. Max. Min. Max. Min. Max. Units 
Nee 2 Se te TE a a ee ee 
Read Cycle 





Address Valid to Address Do Not Care Time (Red Cycle Time) 
Address Valid to Data Out Valid Delay (Address Access Time) 
Chip § Select Low to Data Ot Out Valid (Note 5) 














Chip Select Low to Data Ot Out On 





Chip Select ‘High to Da Data Out Off 








Address Unknown to ‘to Data Out Unknown Time 


Address Valid to Address Do Not Care Time (Write Cycle Time) 


Write Enable Low to Write Enable High Time (Note 4) 
Write Enable High to Address Do Not Care Time 














Write Enable Low to Data Out Off Delay 








Data In Valid to Write Enable High Time 
Write Enable Low to Data In Do Not Care Time 


Address Valid to Write Enable Low Time 
Chip Select Low to Write Enable High Time (Note 4) 

















SWITCHING WAVEFORMS 


READ CYCLE WRITE CYCLE 


eee ry, —7—— yy 


Te 4) 





KX RXR XX) 

_ CHIP 

SELECT RON 7 i XY Wien 
a 








(nore ae 


tOTW tDH 
re —— a 
Xx) \/ V/V/ Y, 
: RAL ost WARN) sare RX) 
ae ACCESS) | | | 
tOHA 


MOS-262 
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METALLIZATION AND PAD LAYOUT 


1 




















DIE SIZE 0.137” X 0.168” 
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Address Designators 


External |- Internal 


AO 
Al 
A2 





Ag 





Am9114 





BIT MAP 


Os ¥O1 
—_—. 
yoa COLO...COL15 to2 COLO.,.COL15 


——— 
INTERNAL COL 0... COL 15 COLO... COL 15 


CELL 
NUMBER 
























_ INTERNAL 
ROW 0 






_ INTERNAL 
ROW 63 





Am9124 


1024 x 4 Static R/W Random Access Memory 


DISTINCTIVE CHARACTERISTICS 


Access times down to 200ns (max) 

Military temperature range available to 300ns (max) 

Pin and function compatible with Am9114 and Intel 2114, plus 
automatic power down 

Low operating power (max) — 

Am9124 315mW (60mA loc) 

Am91L24 210mW (40mA lec) 

Automatic standby power (max) — 

Am9124 105mW (20mA Icc) 

Am91L24. = 79mW (15mA Icc) 

Identical access and cycle time 

TTL identical input/output levels 

Full 400mV worst-case noise immunity 

Pin compatible with industry standard 4K bipolar PROMs 
Single +5V power supply 

High density 18 pin package 

High output drive — 

4.0mA sink current @ 0.4V 

1.0mA source current @ 2.4V 

100% MIL-STD-883 reliability assurance testing 


BLOCK DIAGRAM 


ADDRESS 


BUFFERS STORAGE MATRIX 


ROW 
DECODERS 


SENSE AMPLIFIERS 


ADDRESS 
BUFFERS 


COLUMN 
DECODERS 


vss — 


#02 03 
MOS-263 


GENERAL DESCRIPTION 


The Am9124 is a 4096-bit, low-power, high performance, static, 
N-channel, read/write, random access memory organized 1024 
words by 4 bits. Operation is from a single +5V power supply, and 
all interface levels are identical to standard TTL specifications. 
The device is pin and functional compatible with the Am9114 with 
the added benefits of 40% less operating power plus automatic 
Chip Select power-down that reduces power an additional 60%. 
The supply current advantage of the Am9124 vs. the 2114/ 
Am9114 are shown in Figure 1. 


Common data input/output pins are provided. Readout is non- 
destructive and is the same polarity as data input. Chip Select 
(CS) automatically controls power-down and provides simplified 
selection of an individual package when the outputs are OR-tied. 
The output of 4.0mA provides increased short-circuit current for 
improved capacitive drive. 


CONNECTION DIAGRAM 


appress 6 [| 1® 


aporess 5 [_] 2 17 [_] ADDRESS 7 
appress 4 [_} 3 16 | | ADDRESS 8 
appress 3 [_| 4 Am9124 15 [7] avpress 9 
ADDRESS 0 | | 5 14 [| INPUT/OUTPUT 1 
ADDRESS 1 |_| 6 13 | | INPUT/OUTPUT 2 
ADDRESS 2 [_]7 12 [| INPUT/OUTPUT 3 
CHIP SELECT [_]| 8 11 [] t(NPUT/OUTPUT 4 


GND (vss) [_] 9 


Top View 
Pin 1 is marked for orientation. 
MOS-264 


ORDERING INFORMATION 


Ambient 
Temperature 


STD 
Molded 
LOW 


| Low | 


Package | Power 
Level 


Am9124BPC 


m91L24BPC 
Am91L24BDC 


Am9124 





Am9124 
MAXIMUM RATINGS beyond which useful life may be impaired 




















Storage Temperature —65°C to +150°C 
Ambient Temperature Under Bias —55°C to +125°C 
Vec with Respect to Vss —0.5V to +7.0V 
All Signal Voltages with Respect to Vss : —0.5V to +7.0V 
Power Dissipation (Package Limitation) 1.0W 
DC Output Current : 10mA 





The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
static charge. It is suggested nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid 
exposure to excessive voltages. 


OPERATING RANGE 
Part Number Ambient Temperature Vss Voc 


Am9124DC/PC : ; 

Am91L24DC/PC 0°C = Ta = +70°C +6.0V +5% 
Am9124DM ; . 

Am91L24DM —55°C <= Ty < +125°C +5.0V +10% 



















ELECTRICAL CHARACTERISTICS over operating range Ario194 Am91L24 
Parameter Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units 


= 70°C, loy = —1.4mA 
Output Een Voltage s on 
Ta = 125°C, Ioy = —1.0mA 


Ta = 125°C, lo, = 3.2mMA 


Output Low Voltage 
9 Ta = 70°C, Io, = 4.0MA 








Input High Voltage 








Input Low Voltage 





Input Load Current 








Vss = Vo = Voc Ta = 125°C 
Output Disabled 








Output Leakage Current 











Output High Short Circuit Current | (Note 2) 














Vec Operating Supply Current MAX. Voc (cS Ss Vit) 





MAX. Voc (CS <= Vix) 


Vec Power Down Supply Current 
Me ee (Deselected) 

















Ta = —55°C 
Input enenere (Note 1) Test Frequency = 1.0MHz 
Notes: 4. The internal write time of the memory is defined by the 
overlap of CS low and WE low. Both signals must be low 
1. Typical values are for T, = 25°C nominal supply voltage to initiate a write and either signal can terminate a write by 
and nominal processing parameters. going high. The data input setup and hold timing should be 
2. For test purposes, not more than one output at a time referenced to the rising edge of the signal that terminates 
should be shorted. Short circuit test duration should not the write. 

exceed 30 seconds. 5. Chip Select access time (tco) is longer for the Am9124 
3. Test conditions assume signal transition times of 10ns or than for the Am9114/2114. The specified address access 
less, timing reference levels of 1.5V and output loading of time will be valid only when Chip Select is low soon 

one standard TTL gate plus 100pF. enough for teo to elapse. 
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Am9124 
SWITCHING CHARACTERISTICS over operating range (Note 3) 
Am9124B Am9124C Am9124E 


Parameter Description Min. Max. Min. Max. Min. Max. Units 
Read Cycle 





Address Valid to Address Do Not Care Time (Red Cycle Time) 


Address Valid to Data Out Valid ae (Address Access Time) 











Chip Select Low to Data Out On 
Chip Select High to Data Out Off 


Address Unknown to Data Out Unknown Time 











Address Valid to Address Do Not Care Time (Write Cycle Time) 
Write Enable Low to Write Enable High Time (Note 4) 
Write Enable High to Address Do Not Care Time 

; Write Enable Low to Data Out Of Delay 


Data in Valid to Write Enable High 7 Time 
Write Enable Low to Data In Do Not Care Time 


Address : Valid to Write Enable Low Time 





























Chip Select High to Power Low Delay_ 


Chip Select Low to Power High Delay 
Chip Select Low to Write Enable High Time (Note 4) 








SWITCHING WAVEFORMS 


READ CYCLE WRITE CYCLE 


ee er two 


ey \ ie. REX RRR 7S wet 











Z tcw 
(NOTE 4) 
LIE en Ay ‘iY XX) 
stile XX tt AX a AX 
as 
(Nore a 





WRITE = / 
ENABLE tco 
(NOTE 5) 
= it tOTW tDH 
tow 
DATA _ ey X OUTPUT an QY/ INPUT WY () 
vo XY VALID NX WY YY YY (\ STABLE XX () 
MOS-265 

oo $ Access) | | L. on 


POWER DOWN WAVEFORM 


CHIP 
SELECT 


PU tPD 
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MOS-266 





Am9124 























































BIT MAP 
Average O03 vor 
Worst Case Current 
A t 0°C) voa COLO...COL15 voz COLO...COL 15 
(m a INTERNAL COL 0... COL 15 COLO... COL 15 
Part 100% 50% 
Configuration Number Duty Cycle | Duty Cycle 
Am2114 : -o~ INTERNAL 
Am2114L Address Designators ° 
External Internal 

Am9124 AO AQ ; 
Am91L24 AY AB | . 
Am2t14 fe ve CELL 7 
Am2114L AA At site \ 

AS A2 4 ° 
Am9124 AG A3 \ 
Am92L24 A7 A4 e 

AB AS 
Am2114 AQ A6 ° 
Am2114L Ck 
Am9124 





Am91L24 











| 
Figure 1. Supply Current Advantages of 
Am9124 vs. Am2114. 





| Metallization and Pad Layout 


























DIE SIZE 0.137” X 0.168” 





6-27 


Am9147 


4096 x 1 Static R/W Random Access Memory 


PRELIMINARY 







DISTINCTIVE CHARACTERISTICS 


High speed — access times down to 55ns maximum 

4k x 1 organization 

Single +5 volt power supply 

Fully static storage and interface circuitry 

No clocks or timing signals required 

Equal access and cycle times 

Automatic power-down when deselected 

Low power dissipation 

— Am9147: 000mW active, O0OOmW power down 

—~ Am91L47: 00O0mW active, OOOmW power down 

@ Standard 18 pin, .300 inch dual in-line package 

@ High output drive — up to 00. standard TTL loads or 4 Schottky 
TTL loads 

® TTL compatible interface levels 

© 100% MIL-STD-883 reliability assurance testing 






GENERAL DESCRIPTION 


The Am9147 is a high performance, 4096-bit, static, read/write, 
random access memory. Itis organized as 4096 words by 1 bit per 
word. All interface signal levels are identical to TTL specifica- 
tions, providing good noise immunity and simplified system de- 
sign. All inputs are purely capacitive MOS loads. The outputs will 
drive up to 4 standard Schottky TTL loads or up to 5 standard TTL 
loads. 














































Only a single +5 volt power supply is required. When deselected 
(CS = VIH), the Am9147 automatically enters a power-down 
mode which reduces power dissipation by more than 00%. When 
selected, the chip powers up again with no access time penalty. 


Data In and Data Out use separate pins on the standard 18-pin 
package. Data Out is the same polarity as Data In. Data Out is a 
three-state signal allowing wired-or operation of several chips. 
Data In and Data Out may be connected together for operation in 
a common data bus environment. 








BLOCK DIAGRAM 





CONNECTION DIAGRAM 
Top View 









ADDRESS 0 






VCC (+5V) 





ADDRESS AODRESS 1 ADDRESS 6 
BUFFERS 


AND 


STORAGE 








ADORESS 2 ADDRESS 7 









ROW 
DECODERS 


ADDRESS 3 ADDRESS 8 








ADDRESS 4 





Am9147 ADDRESS 9 









ADDRESS 5 
" DATA OUT.- 


WRITE ENABLE 


ADDRESS 10 







ADDRESS 11 





DATA IN 







SENSE/WRITE AMPLIFIERS 
ADDRESS 


BUFFERS 
AND 
COLUMN 
DECODERS 





(GND) VSS CHIP SELECT 





VO CONTROL AND BUFFER 





DATA DATA 
vcc —— our IN 


vss -————- 


Note: Pin 1 is marked for orientation. 







MOS-267 MOS-268 
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Advanced Micro Devices 
Commitment to Excellence 


Product Assurance Programs for Military 
and Commercial Integrated Circuits 








A COMMITMENT TO EXCELLENCE 


Advanced Micro Devices was conceived on the premise that there was a place in the semiconductor community 
for a manufacturer dedicated to excellence. 


In product assurance procedures, Advanced Micro Devices is unique. Only Advanced Micro Devices processes 
all integrated circuits, commercial as well as military, to the demanding requirements of MIL-STD-883. The 
Rome Air Development Center (RADC), which is the Air Force’s principal authority on component reliability, has 
issued MIL-HDBK-217B which indicates that parts processed to Military Standard 883, Level C (Advanced Micro 
Devices’ standard processing) yield a product nearly ten times better in failure rates than the industry commer- 
cial average. 


Our Sunnyvale facility has been certified by the Defense Electronics Supply Center (DESC) to. produce parts to 
JAN Class B and C under Military Specification MIL-M-38510. The National Aeronautics and Space Administra- 
tion (NASA) has certified this production line for the manufacture of Class A products for programs requiring the 
highest levels of reliability. Advanced Micro Devices is the only integrated circuit company formed within the last 
ten years to achieve such line certification. 


This brochure outlines Advanced Micro Devices’ standard programs for Class B, C and A devices for military 
and commercial operating range applications. These will cover the majority of system requirements today. Alter- 
native screening flows for specific user needs can be performed on request. Check with your local sales office 
for further information. 




















ADVANCED MICRO DEVICES’ STANDARD PRODUCTS 
ARE MANUFACTURED TO MIL-STD-883 REQUIREMENTS 


Advanced Micro Devices’ product assurance programs are based on two key documents. 
MIL-M-38510 — General Specification for Microcircuits 
MiL-STD-883 — Test Methods and Procedures for Microelectronics 


The screening charts in this brochure show that every integrated circuit shipped by Advanced Micro Devices 
receives the critical screening procedures defined in MIL-STD-883, Method 5004 for Class C product. This includes 
molded plastic devices. 


In addition, documentation, design, processing ane assembly workmanship guidelines are patterned after MIL-M- 
38510 specifications. 


Commercial and industrial users receive the quality and reliability benefits of this aerospace-type screening and 
documentation at no additional cost. 


STANDARD PRODUCT TESTING CATEGORIES 


Advanced Micro Devices offers integrated circuits to four standard testing categories. 


. Commercial operating range product (typically 0°C to 70°C) 
Commercial product with 100% temperature testing 

Military operating range product (typically —55°C to +125°C) 
JAN qualified product 


ROMs 


Categories 1, 2 and 3 are available on most Advanced Micro Devices circuits. Category 4 is offered on a more 
limited line. Check with your local sales office for details. 


STANDARD PRODUCT ASSURANCE CATEGORIES 


Devices produced to the above testing categories are available to the three standard classes of product assurance 
defined by MIL-STD-883. As a minimum, every device shipped by Advanced Micro Devices meets the screening 
requirements of Class C. 


Class C — For commercial and ground-based military systems where replacement can be ac- 
complished without difficulty. 


According to MIL-HDBK-217B, this assures relative failure rates 9.4 times better than that of regu- 
lar industry commercial product. 


Class B — For flight applications and commercial systems where maintenance is difficult or expensive 
and where reliablity is vital. 


Devices are upgraded from Class C to Class B by burn-in screening and additional testing. 


According to MIL-HDBK-217B, Class B failure rate is improved 30 times over regular industry 
commercial product. Advanced Micro Devices Class B processing conforms to MIL-STD-883 re- 
quirements. MIL-HDBK-217B indicates that this may provide failure rates as much as two times 
better than some other manufacturers’ “equivalent” or “pseudo” Class B programs. 


Class S — For space applications where replacement is extremely difficult or impossible and reliability 
is imperative. 


Class S screening includes x-ray and other special inspections tailored to the specific require- 
ments of the user. 


The 100% screening and quality conformance testing performed within these Advanced Micro Devices pro- 
grams is shown in TABLES |, Il and Ill. A full description of the Boe flow is provided in Product Assurance 
Document 15-010, available on request. . 
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CLASS C SCREENING FLOW 
FOR COMMERCIAL SYSTEMS AND GROUND BASED MILITARY SYSTEMS 


TABLE | 
CLASS C 
INTEGRATED CIRCUITS 















COMMERCIAL 
OPERATING RANGE 


HERMETIC AND 
MOLDED PACKAGES 


C2 
Commercial 
Product 
With 100% 
Temper- 
ature 
Testing 











Screening Procedure per MIL-STD-883 
Method 5004, Class C 
r Commercial 
Screen Test Method Product 
VISUAL AND MECHANICAL 
Internal visual 











2010, Condition B 100% 100% 











High temperature 







1008, Condition C, 





storage 24 hours 100% 100% 
Temperature cycle 1010, Condition C 100% 100% 
Constant 

acceleration 2001 100% (1) 100% (1) 
Hermeticity, Fine 

and Gross 1014 100% (1) 100% (1) 





‘FINAL ELECTRICAL TESTS a 
















Static (dc) 


Functional 


Switching (ac) 


Sample Tests 








EXTERNAL VISUAL 


TABLE Il 


a) At 25°C, and power 
supply extremes 


b) At temperature 
and power 
supply extremes 


a) At 25°C, and power 
supply extremes 


b) At temperature 
and power 
supply extremes 


At 25°C, nominal 


or Dynamic power supply 
QUALITY CONFORMANCE 5005, Group A 


(See Table ti) 
Group B 
Group C 
Group D 


2009 (Note 5) 


AMD Data 
Sheet 





AMD Data 
Sheet 


100% 


100% (3) 


100% 


100% (3) 


ae ea 


Sample 











GROUP A QUALITY CONFORMANCE LEVELS 

Advanced Micro Devices employs the military-recommended LTPD sampling system to assure quality. MIL- 
STD-883, Method 5005, TABLE |, Group A, subgroups 1 through 9 as appropriate to the device family are 
performed on every lot. Quality levels defined for Class B product are applied by Advanced Micro Devices to 



















both Class B and Class C orders. 


Subgroup 1 — Static tests at 25°C 5 45 


Subgroup 2 — Static tests at maximum rated operating temperature 7 32 
Subgroup 3 — Static tests at minimum rated operating temperature 7 32 
Subgroup 4 — Dynamic tests at 25°C — LINEAR devices 5 45 
Subgroup 5 — Dynamic tests at maximum rated operating temperature 

— LINEAR devices 7 32 
Subgroup 6 — Dynamic tests at minimum rated operating temperature 

— LINEAR devices 7 32 
Subgroup 7 — Functional tests at 25°C 5 45 
Subgroup 8 — Functional tests at maximum and minimum rated 

operating temperatures 10 22 
Subgroup 9 — Switching tests at 25°C — DIGITAL devices 7 32 
Subgroup 10 — Switching tests at maximum rated operating 

temperatures — DIGITAL devices * 
Subgroup 11 — Switching tests at minimum rated operating 

temperatures — DIGITAL devices 





INITIAL 


LTPD SAMPLE SIZE 
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CLASS B SCREENING FLOW : 
FOR HIGH RELIABILITY COMMERCIAL AND MILITARY SYSTEMS 
TABLE Ill 
CLASS B 


INTEGRATED CIRCUITS _ 
(Class C plus burn in screening 







COMMERCIAL 
OPERATING RANGE 


HERMETIC AND 
MOLDED PACKAGES 








and additional testing.) 



















































B1 B2 
Commercial 
Product 
Screening Procedure per MIL-STD-883 With 100% 
Method 5004, Class B Temper- 
Commercial ature 
VISUAL AND MECHANICAL 
Internal visual 2010, Condition B 100% 100% 
High temperature 1008, Condition C, 
storage 24 hours 100% 100% 
Temperature cycle 1010, Condition C 100% 100% 
Constant 
acceleration 2001 100% (1) 100% (1) 
Hermeticity, Fine , 
and Gross 1014 100% (1) 100% (1) 
BURN IN ood as 
Interim (pre burn Per applicable : 
in) electricals device specification 100% 100% 
Burn in 1015, 160 hours at 
125°C or equivalent.* 100% 100% 
FINAL ELECTRICAL TESTS ; ~~ | AMD Data AMD Data 
Sheet Sheet 
Static (dc) a) At 25°C, and power 
supply extremes 100% 100% 
b) At temperature 
and power 
supply extremes (2) 100% (3) 
Functional a) At 25°C, and power . 
supply extremes 100% 100% 
b) At temperature 
and power 
supply extremes (2) 100% (3) 
Switching (ac) At 25°C, nominal 
or Dynamic power supply (2) (2) 
QUALITY CONFORMANCE 5005, Group A 
(See Table Il) Sample Sample 
Sample Tests Group B 7 re 
Group C a = 
Group D = - 
EXTERNAL VISUAL 2009 (Note 5) 100% 





100% 


Notes: 1. Not applicable to molded packages. 

2. All MOS RAMs and many other MOS devices receive a.c. testing and 100% d.c. screening at high temperature and power supply 

‘extremes as standard. Other products sampled at Group A (Table Ill). 

3. Tested at high temperature, 100°C, only on commercial range product. Note that this is a full d.c. check of all parameters in 
addition to the simple “hot-rail” functional sequence performed on most other commercial programs. 


4. Available to special.order. 


5. Without optical aid for commercial devices. 


CLASS S$ 





*Uniess otherwise specified on the device data sheet. 


FOR AEROSPACE SYSTEMS. (FORMERLY CLASS A) 


Advanced Micro Devices offers a Class S program. 


This program together with other high reliability screening options, such as SEM and x-ray, is described.as Option A 
in Advanced Micro Devices’ Extended Processing Options Document 00-003. Contact your local Advanced Micro 
Devices’ sales office for more information. 




















1. COMMERCIAL PRODUCT 


e Screened per MIL-STD-883, Method 5004. 

e Electrically tested per AMD Data Sheet. 

e@ Supplied in hermetic and molded packages. 

e Quality conformance testing, Method 5005, Group 
A, performed to levels specified for Class B on both 
Class C and Class B options. 


Class C (Flow C1) 


@ Order standard AMD part number. 
@ Marked same as order number. 
Example: Am2901ADC - 


Class B (Flow B1) 


@ Burn in performed in AMD circuit condition. 
@ Order standard AMD part number, add suffix B (or 
/883B for 1, 2 and 300 Series Linear devices). 
@ Marked same as order number. 
Example: Am2901ADC-B 


. MILITARY PRODUCT 


e Screened per MIL-STD-883, Method 5004. 

@ Electrically tested per AMD Data Sheet. 

@ Supplied in hermetic package only. 

® Quality conformance testing, Method 5005, Group 
A, performed to levels specified for Class B on both 
Class B and Class C options. 


Class C (Flow C3) 


e@ Order standard AMD part number. 
@ Marked same as order number. 
Example: Am2901ADM 


Class B (Flow B3) 


@ Burn in performed in AMD circuit condition. 

@ AC at 25°C, de and functional testing at 25°C as well 
as temperature and power supply extremes per- 
formed on 100% of every lot. 

@ Quality conformance testing, Method 5005, Groups 
B, C and D available to special order. 

e@ Order standard AMD part number, add suffix B. 

@ Marked same as order number. 

Example: Am2901ADM-B 


types. 





STANDARD PRODUCT 
SCREENING SUMMARY AND ORDERING INFORMATION 


2. COMMERCIAL PRODUCT WITH 100% 


. JAN QUALIFIED PRODUCT 


*in certain cases where JAN Qualified product is specified but is not available, Advanced Micro Devices can provide devices to the 
electrical limits and burn-in criteria of the slash sheet. This class of product has been called JAN Equivalent and marked M38510/ by some 
manufacturers. This identification is no longer permitted by DESC. Check with your local sales office for availability of specific device 


TEMPERATURE TESTING 


® Identical to standard commercial operating range 
product with the addition of 100% dc and functional 
testing at 100°C and power supply extremes. 














Class C (Flow C2) 


@ Order standard AMD part number, add suffix T. 
@ Marked same as order number. 
‘Example: Am2901ADC-T 


Class B (Flow B2)' 

@ Burn in performed in AMD circuit condition. 

e@ Order standard AMD part number, add suffix TB. 

@ Marked same as order number. 
Example: Am2901ADC-TB 


e Screened per MIL-STD-883, Method 5004. 

e Electrically tested to JAN detail Specification (slash 
sheet). 

® Manufactured in Defense Logistics Agency cer- 
tified facility. 

® Quality conformance testing, Method 5005, Groups 
A, B, C and D performed as standard and must be 
completed prior to shipment. 

@ It is a product for which AMD has gained QPL 
listing. * 

Class C (Flow C4) 

e Order per military document. 

@ Marked per military document. 

Example: JM38510/44001CQB 


Class B (Flow B4) 


@ Burnin performed in circuit condition approved for 
JAN devices. 

® Order per military document. 

@ Marked per military document. 


Example: JM38510/44001BRC 
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REFERENCE 
PLANE 















































Notes: 1. Standard lead finish is bright acid tin plate or gold plate. 
2. db applies between L, and Lo. db, applies between L; and 0.500” 
beyond reference plane. 
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G-12-1 








PACKAGE OUTLINES (Cont.) | 


MOLDED DUAL IN-LINE PACKAGES 
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PACKAGE OUTLINES (Cont.) 





MOLDED DUAL IN-LINE PACKAGES (Cont.) 












SEATING 
PLANE 










































































Notes: 1. Standard lead finish is tin plate or solder dip. 
2. Dimension Eg is an outside measurement. 
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PACKAGE OUTLINES (Cont.) 


HERMETIC DUAL IN-LINE PACKAGES 
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HERMETIC DUAL IN-LINE PACKAGES (Cont.) 
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PACKAGE OUTLINES (Cont.) 
HERMETIC DUAL IN-LINE PACKAGES (Cont.) 
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-D 








te 


Fe 


e pees a 
\ 
| PLANE 
c a 
i c 
2 a 7 
aa |. i hie |~——;_—+| 


- SEATING 
Sa 











7 canetaee 


SEATING 
PLANE 


lL 
zal bab 














D-48-2 


SEATING 


i i age 
CRI. Fb 
















PACKAGE OUTLINES (Cont.) 
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Standard 
Lead 
Finish 




















D-20-1 D-22-2 


SIDE- 
BRAZED 


Common 
Name 


















SIDE- 
BRAZED 





CERDIP 


| Min, | Max. | mine [Max 
220 


020 
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Standard 
Lead 
Finish 
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PACKAGE OUTLINES (Cont.) 


HERMETIC DUAL IN-LINE PACKAGES (Cont.) 


Common SIDE- SIDE- SIDE- SIDE- 
Name BRAZED CERVIEW CERDIP BRAZED CERDIP BRAZED BRAZED 
38510 

Appendix C 


. .200 225 















































225 100 
.022 .020 .020 015 .022 
.065 .030 .060 














011 .008 013 




































































Standard 
Lead 
Finish 


Notes: 1. Load finish b is tin plate. Finish c is gold plate. 
2. Used only for LM108/LM108A. 
3. Dimensions E and D allow for off-center lid, meniscus and glass overrun. 
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PACKAGE OUTLINES (Cont.) - 


FLAT PACKAGES 















































































































































- B-9 





PACKAGE OUTLINES (Cont.) 


























FLAT PACKAGES (Cont.) 
F-42-1 
































F-48-2 


Oo 
f | 
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F-14-1 F-14-2 F-16-1 F-16-2 F-20-1 F-22-1 
METAL METAL METAL 
CERPACK FLAT PAK CERPACK FLAT PAK CERPACK 
; F-1 F-1 F-5 = 
| Parameters | Min. | - | Min. Max. | Min. | M 
[As -.045 | 080 | 045 | 085 | .045 | .085 
[bf 015 | 019 | one | “019 | .019 | 
Stes eae 
230 | .255 | 425 
(Ec epee ee es (eee = 10 
[Es 240 | 260 | 240 | 285 285 
-e1_____+ __} #8 |__| .290 305 
| 045 | .055 | .045 | 056 |. 055 | 
[Li 300 | _.370 | 300 370 | . 
[Ly | 920 | 980 | 920 .980 980 
eee CT 010 .040 .040 
_.005 .005 ee 
Sada 
Lead b c b c b c 
Finish 
. F-24-1 F-24-3 F-28-1 __F-28-2 F-42-1 
CERPACK METAL METAL | CERAMIC | CERAMIC | CERAMIC 
Name FLAT PAK | FLAT PAK | FLAT PAK | FLAT PAK | FLAT PAK 
38510 
Appendix C as =. = 
Parameters Min. | Max. | Min. 
.065| .085 | .070 
016] 025 | 017 
.007| .010 | .006 
.700| .720 | 1.030 
.720 
625] .650} .620 
cate fh OOD) ys 
045 | .055 | .045 
415 | 435 | 320 
1.475 | 1.500 | 1.300 
_.017| .025| .020 
.005 005. 
oa c 
Finish | | 








Notes: 1. Lead finish b is tin plate. Finish c is gold plate. 
2. Dimensions E; and D, allow for off-center tid, meniscus, and glass overrun. 
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SALES OFFICES AND REPRESENTATIVES 


SOUTHWEST AREA 
Advanced Micro Devices 
9595 Wilshire Boulevard 
Suite 401 
Beverly Hills, California 90212 
Tel: (213) 278-9700 

(213) 278-9701 
TWX: 910-490-2143 


Advanced Micro Devices 
1414 West Broadway Road 
Suite 239 

Tempe. Arizona 85282 
Tel: (602) 244-9511 

TWX: 910-950-0127 
Advanced Micro Devices 
1201 Dove Street 

Suite 250 

Newport Beach, California 92660 
Tel: (714) 752-6262 

TWX: 910-595-1575 
Advanced Micro Devices 
13777 No. Central Expy. 
Suite 1008 

Dallas, Texas 75243 

Tel: (214) 234-5886 

TWX: 910-867-4795 


NORTHWEST AREA 
Advanced Micro Devices 
3350 Scott Boulevard 

Suite 1002, Bldg. 10 

Santa Clara, California 95051 
Tel: (408) 727-1300 

TWX: 910-338-0192 


Advanced Micro Devices 
7000 Broadway 

Suite 401 

Denver, Colorado 80221 
Tel: (303) 426-7100 
TWX: 910-931-2562 


Advanced Micro Devices 
7110 S.W. Fir Loop 
Tigard, Oregon 97223 
Tel: (503) 620-1021 
TWX: 910-458-8797 


MID-AMERICA AREA 
Advanced Micro Devices 
1111 Plaza Drive, Suite 420 
Schaumburg, Illinois 60195 
‘Tet: (312) 882-8660 

TWX: 910-291-3589 


Advanced Micro Devices 
8009 34th Ave. S. 
Bloomington, Minnesota 55420 
Tel: (612) 854-6500 

(612) 854-6520 
TWX: 910-576-0929 


Advanced Micro Devices 
50 McNaughton Road 
Suite 201 

Columbus, Ohio 43213 
Tel: (614) 457-7766 
TWX: 810-339-2431 


Advanced Micro Devices 
33150 Schoolcraft 

Livonia, Michigan 48150 
Tol: (313) 425-3440 
TWX: 810-242-8777 


MID-ATLANTIC AREA 
Advanced Micro Devices 
40 Crossway Park Way 
Woodbury, New York 11797 
Tel: (516) 364-8020 

TWX: 510-221-1819 
Advanced Micro Devices 
6806 Newbrook Ave. 

E. Syracuse, New York 13057 
Tel: (315) 437-7546 
TELEX: 93-7201 

Advanced Micro Devices 

2 Kilmer Road 

Edison, New Jersey 08817 
Tel: (201) 985-6800 

TWX: 710-480-6260 
Advanced Micro Devices 

1 Gibralter Plaza, Suite 219 
110 Gibratter Road 
Horsham, Pennsylvania 19044 
Tel: (215) 441-8210 

TWX: 510-665-7572 


‘Advanced Micro Devices 


82 Washington Street 
Poughkeepsie, New York 12601 
Tek: (914) 471-8180 


NORTHEAST AREA 
Advanced Micro Devices 
300 New Boston Park 
Woburn, Massachusetts 10801 
Tel: (617) 933-1234 

TWX: 710-348:1332 


SOUTHEAST AREA 
Advanced Micro Devices 
793 Elkridge Lancing, #11N 
Linthicum, Maryland 21090 
Tel: (301) 796-9310 


Advanced Micro Devices 
1001 N.W. 62nd Street 

Suite 409 

Ft. Lauderdale, Florida 33309 
Tel: (305) 774-6510 

TWX: 510-955-9490 


Advanced Micro Devices 

6755 Peachtree Industrial Boulevard 

Suite 104 

Atlanta, Georgia 30360 is 
Tel: (404) 449-7920 i 
TWX: 810-766-0430 


Sa a I a a Fe a I I TI. TT IE 


Advanced Micro Devices International Sales Offices 


BELGIUM 

Advanced Micro Devices 
Avenue de Tarvueren, 412, bte 9 
B-1150 Brussels 

Tel: (02) 771 9993 

TELEX: 61028 


FRANCE 

Advanced Micro Devices, S.A. 
European Marketing Centre 
27 Blvd. General Vautrin 
06400 Cannes 

Tel: (093) 48.59.75 

TELEX: 470966 


Advanced Micro Devices, S.A. 
Silic 314, Immeubie Helsinki 
74, Rue D'Arcueil 
94588—Rungis Cedex 

Tel: (1) 686.91.86 

TELEX: 202053 


GERMANY 

Advanced Micro Devices 
Mikro-Elektronik GmbH 
Rosenheimer Str. 139 
0-8000 Muenchen 80 
Tel: neo) 401976 
TELEX: 0-523883 


Advanced Micro Devices 

Mikro-Elektronik GmbH 

Haupstrasse 4 

D-7024 Filderstadt 3 
Harthausen 


ITALY 

Advanced Micro Devices S.Ar.L. 
Centro Direzionale 

Palazzo Vasari 

3rd Floor 

20090 Milan 2 

Tel: (39) (2) 21 39 020 


JAPAN 

Advanced Micro Devices, K.K. 
Dai-San Hoya Building 

1-8-17, Kamitakaido 
Suginami-ku, Tokyo 168 

Tel: (03) 329-2751 

TELEX: 2324064 

UNITED KINGDOM 
Advanced Micro Devices (U.K.) Ltd. 2, 
16, Grosvenor Place 

London SW1X 7HH 

Tel: (01) 235-6388 

TELEX: 886833 


TI TS I TT I a TTD I ERT I GPE, BIO 


International Sales Representatives and Distributors 


ARGENTINA 
Thiko, S.A. Electronica 
653 


1068 - Buenos Aires 
Argentina 
Tel: 30-4132 


33-4870 
TELEX: 17825 SEMISAR 


Koti International Corporation 
1660 Rollins Road 
Burlingame, California 94010 
Tol: (415) 692-3200 
TELEX: 331491 


AUSTRALIA 

A.J. Ferguson Pty. Ltd. 
44 Prospect Rd. 
Prospect, S.A. 5082 
Tel: (8) 269-1244 
TELEX: 82635 


R and D Electronics 
257 Burwood Highway 
P.O. Box 206 
Burwood, Victoria 3125 
Tel: (03) 288-8232/62 
TELEX: AA33288 


R and D Electronics 
P.O. Box 57 

Crows Nest N.S.W. 2065 
Sydney 

Tel: 439-5488 

TELEX: (790) 25468 


AUSTRIA 

Elbatex Ges.m.b.H. 
Endresstrasse 54 
A-1238 Wien 

Tel: (0222) 88 56 11 
TELEX: 0047-133128 


BELGIUM 

MCA Tronix 

62 Route Du Condroz 
B-4200 Ougree 

Tel: 041-362780/362795 
TELEX: 42052 


BRAZIL 

Icotron S.A. 

Ind. de Componentes Electrénicos 
05110-Av. Mutinga, 3650-6.0 Andar 
Pirituba - S&o Paulo 

Caixa Postal 1375 

Tel: (011) 261-0211 

TELEX: (011) 22274 


DENMARK 

Advanced Electronic of Denmark ApS 
55, Mariendalsvej 

DK-2000 Copenhagen F 

Tel: (1) 19 44 33 

TELEX: 224 31 


FINLAND 
Komdel Oy 
Bo 


x 32 
02211 Espoo 21 
Tel: (0) 88 50 11 
TELEX: 12-1926 


Shipping: 
Maapalionkatu 8J 
02210 Espoo 21 


FRANCE 
A2M 


18, Avenue Dutartre 
F-78150 Le-Chesnay 
Tel: (1) 955.32.49 
TELEX: 698 376 


Radio Television Francaise 
73, Av. Charles De Gaulle 
F-92200 Neuilly-sur-Seine 
Tel: (1) 747.11.01 

TELEX: 611985 


GERMANY 

Cosmos Elektronik GmbH 
Hegelstrasse 16 

D-8000 Muenchen 83 
Tel: (089) 60 20 88 
TELEX: 0-522545 


EVB-Elektronik 
Vertriebs GmbH 
Oberweg 6 

8025 Unterhaching 
Muenchen 

Tel: 49-089-611051 
TELEX: 524535 


EBV-Elektronik 
Oststr. 129 

D-4000 Duesseldort 
Tel: (0211) 84846 
TELEX: 0-8587267 


EBV-Elektronik 

In der Meineworth 
D-3006 Burgwede! t 
Tel: (05139) 45 70 
TLX: 0-923694 


EBV-Elektronik 
Myliusstr. 54 
0-6000 Frankfurt 1 
Tel: (0611) 72 04 16 
TELEX: 0-413590 


EBV-Elektronik 
Alexanderstr. 42 
0-7000 Stuttgart 1 
Tel: (0711) 24 74 81 
TELEX: 0-722271 


Elbatex GmbH 
Cacilienstrasse 24 
D-7100 Heilbronn 
Tel: (07131) 89001 
TELEX: 0-728362 


Nordelektronik Vertriebs GmbH 
Bahnhofstr. 14 

0-2301 Kiel-Raisdort 

Tal: (04307) 54 83 


Nordetektronik Vertrieus GmbH 
Harksheiderweg 238-240 
D-2085 Quickborn 

Tel: (04106) 40 31 

TELEX: 0-214299 


MEV-Mikro Elektronik Vertried GmbH 
Muenchnerstrasse 16A 

D-8021 Deinin 

Tel: (08170) 7289 

TELEX: 0-527628 


HOLLAND 

Arcobel BV 

Van Almondestraat 6 
P.O. Box 344 


Oss 

Tel: (04120) 24200 
(04120) 27574 

TELEX: 50835 


HONG KONG 
Ace Enterprises 
Suite 1212 

363 Nathan Road 


Kowloon 
Tel: 3-302925/27 


INDIA 

SRI RAM Associates 
778 Blue Sage Drive 
Sunnyvale, CA 94086 
Tel: (408) 737-2692 
TELEX: 348369 


Hindustan Semiconductor 
24 Sayed Abdulla 
Bretvi Road 


mba’ 
Tel: 816105/812772 
TELEX: 011-2726 APAR IN BOMBAY 


ISRAEL 

Talviton Electronics 
P.O. Box 21104 

9, Biltmor Street 
Tel-Aviv 

Tel: 444572 

TELEX: VITKQ 33400 


ITALY 

Indelco, S.A.L. — Rome 
Via C. Colombo, 134 
1-00147 Rome 

Tel: (06) 5140722 
TELEX: 611517 


Indetco, S.A.L. — Milan 
Via S. Simpliciano, 2 
1-20121 Milan 

Tel: (02) 862963 


JAPAN 

Advanced Technology Corporation 
of Japan 

Tashi Bldg., 3rd Floor 

No. 8, Minami Motomachi 

Shinjuku-ku, Tokyo 160 

Tel: (03) 265-9416 
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Dainichi Electronics 
Kohraku Buildin 

1-8, 1-Chome, Koraku 
Bunkyo-ku, Tokyo 
Tel: (03) 813-6876 


Dainichi Electronics 
Kintetsu-Takama Building 
38-3 Takama-cho 
Narashi 630 


ISt Ltd. 

8-3, 4-Chome, Lidabashi 
Chiyoda-ku, Tokyo 102 
Tel: (03) 264-3301 


Kanematsu-Denshi K.K. 
Takanawa Bldg., 2nd Floor 
19-26, 3-Chome, Takanawa 
Minatoku, Tokyo 108 


Microtek, Inc. 

Naito Buildin: 

7-2-8 Nishishinjuku 
Shinjuku-ku, Tokyo 160 
Tel: (03) 363-2317 
TELEX: J28497 


NEW ZEALAND 

G.T.S. Engineering Ltd. 

P.O. Box 42-053, Orakei 

Auckland, New Zealand 

Tel: 64-9-543 214 
64-9-546 745 

TELEX: NZ2591 AUKAS 


NORWAY 

A/S Kjell Bakke 

ao 48 

P.O. Box 143 

N-2011 Stroemmen 

Tel: (02) 7119872 
(02) 715*330 

TELEX: 19407 


SOUTH AFRICA 


South Continental Devices (Pty.) Ltd. 


Suite 516, 5th Floor 

Randover House 

Cor. Hendrik Verwoerd 

Dover Rd., Ranburg, Tvl. 
Mait Address: P.O. Box 56420 
Pinegowrie 2123 

Tel: 48-7125 

TELEX: 83324 


SOUTH AMERICA 
Intectra 

2349 Charleston Road 
Mountain View, CA 94043 
Tel: (415) 967-8818/25 
TELEX: 345 545 


SPAIN 

Regula S.A. 

Avda. de Ramon y Cajal, 5 
Madrid-16 

Tel: 459 33 00/04/08 
TELEX: 42 207 


SWEDEN 

Svensk Teleindustri AB 
Box 5024 

S-162 05 Vallingby 
Tel: (08) 890435 
TELEX: 13033 


SWITZERLAND 
Kurt Hirt AG 
Thurgauerstr. 74 
CH-8050 Zuerich 
Tel: (00411) 512121 
TELEX: 0045-53461 


TAIWAN 

Multitech America Co. 
19046 Bonnet Way 
Saratoga, CA 95070 
Tel: (408) 867-6201 


Multitech international Corp. 
2nd Floor 

977 Min Shen E. Road 
Taipei, 105, R.O.C. 

Tel: 768-1232 

CABLE: MULTIIC 


UNITED KINGDOM 

Candy Electronic Components 
Eden House 

32 Well Road 

Maidstone, Kent ME14 1XL. 
Tel: (0622) 54051 

TELEX: 965633 


Cramer Components Ltd. 
Hawke House 

Green Street 
Sunbury-on-Thames 
Middlesex TW16 6RA 
Tel: (01) 979-7799 
TELEX: 923592 


Eurosem International Ltd. 
Haywood House 

64 High Street 

Pinner, Middlesex, HA5 5QA 
Tel: (01) 868-0029 

TELEX: 24506 4 


ITT Electronic Services = 
Edinburgh Way 
Harlow, Essex CM20 2DF 
Tel: Harlow (0279) 26777 
TELEX: 81146 


Memec, Ltd. 

Thame Park Industrial Estate 

Thame 

Oxon OX9 3RS 

Tel: Thame (084) 421-3146 2 
TELEX: 837508 


Quarndon Electronics 

Slack Lane 

Derby DE3 3ED 

Tel: Derby (0332) 32651 = 
TELEX: 37163 


U.S. and Canadian Sales Representatives 


ALABAMA 

Electronic Manufacturers Agents 
2309 Starmount Circle, S.W. 
Huntsville, Alabama 35801 

Tel: (205) 533-6440 

TWX: 810-726-2110 


CALIFORNIA 
(Northern) 


2 Incorporated 

3350 Scott Boulevard 

Suite 1001, Bldg. 10 

Santa Clara, California 95050 
Tel: (408) 988-3400 

TWX: 910-338-0192 


(Southern) 

Bestronics Inc. 

7827 Convoy Court 

Suite 407 

San Diego, California 92111 
Tel: (714) 278-2150 

TWX: 910-335-1267 


CANADA (Eastern) 

Vitel Electronics 

3300 Cote Vertu, Suite 203 
St. Laurent, Quebec, 
Canada H4R 2B7 

Tel: (514) 331-7393 
TWX: 610-421-3124 

TLX: 05-821762 


Vitel Electronics 

1 Vulcan St., Suite 203 
Rexdale, Ontarlo, 
Canada M9W 1L3 

Tel: (416) 675-2977 
TWX: 610-491-3728 


Shipping: 

Vitel Electronics 

84 Main Street 

Champlain, New York 12919 


CANADA (Western) 
Venture Electronics 

P.O. Box 3034 

Bellevue, Washington 98009 
Tal: (206) 454-4594 

TLX: 32-8951 


Shipping: 
1645 Rambling Lane 
Bellevue, Washington 98004 


COLORADO 

R? Marketing 

10018 No. Regency Place 
P.O. Box 554 

Parker, Colorado 80134 
Tel: (303) 841-5822 


CONNECTICUT 

Scientific Components 

1185 South Main Street 
Cheshire, Connecticut 66410 
Tel: (203) 272-2160 


FLORIDA 

Conley & Associates, Inc. 
P.O. Box'309 

235 South Central Ave. 
Oviedo, Florida 32765 
Tel: (305) 365-3283 
TWX: 810-856-3520 


Conley & Associates, Inc. 
1612 N.W. Second Ave. 
P.O. Box 700 

Boca Raton, Florida 33432 
Tel: (305) 395-6108 
TWX: 510-953-7548 


Conley & Associates, inc. 
7515 North Armenia Avenue 
Tampa, Florida 33604 

Tel: (813) 933-1759 


GEORGIA 

Electronic Manufacturers Agents 
2800 Forest Vale Lane 

Suite VI 

Norcross, Georgia 30093 

Tel: (404) 448-2921 


Electronic Manufacturers Agents 


6755 Peachtree Industrial Bivd., N.E. 


Suite 103 

Atlanta, Georgia 30360 
Tel: (404) 449-9430 
TWX: 810-766-0430 


ILLINOIS 

Oasis Sales, Inc. 

1101 Towne Road 

Elk Grove Vitlage, Illinois 60007 
Tel: (312) 640-1850 

TWX: 910-222-1775 


INDIANA 

C-S Electronic Sales, Inc. 
2122-A Miami Street 

South Bend, Indiana 46613 
Tel: (219) 291-6258 

TWX: 810-299-2535 


C-S Electronic Sales, Inc. 
1157-B South Jackson 
Frankfort, Indiana 46041 
Tel: (317) 659-1874 


IOWA 

Lorenz Sales, Inc. 

5270 No. Park Pl., N.E. 
Cedar Rapids, towa 52402 
Tel: (319) 393-6912 


KANSAS 

Kebco Manufacturers 

7070 West 107th Street 

Suite 160 

Overland Park, Kansas 66212 
Tel: (913).649-1051 

TWX: 910-749-4077 


Kebco Manufacturers 
9813 England 
Overland Park, Kansas 66211 


MARYLAND 

Burgin-Kreh Associates, Inc. 
6100 Baltimore National Pike 
Baltimore, Maryland 21228 
Tel: (301) 788-5200 

TWX: 710-862-1450 
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MICHIGAN 

S.A.1. Marketing Corp. 
P.O. Box N 

Brighton, Michigan 48116 
Tel: (313) 227-1786 
TWX: 810-242-1518 
Shipping: 

First Federal Bank Building 
Suite 109 

9880 E. Grand River Avenue 
Brighton, Michigan 48116 


MISSOURI 

Kebco Manufacturers 

75 Worthington Drive, Ste. 10 
Mariland Heights, Missouri 63043 
Tel: (314) 576-4111 

TWX: 910-764-0826 


NEBRASKA 

Lorenz Sales 

2809 Garfleld Avenue 
Lincoln, Nebraska 68502 
Tel: (402) 475-4660 


NEW MEXICO 

The Thorson Company 

1101 Cardenas, N.E. 

Sulte 109 

Albuquerque, New Mexico 87110 
Tel: (505) 265-5655 

TWX: 910-989-1174 


NEW YORK 

Nycom, Inc. 

10 Adler Drive 

East Syracuse, New York 13057 
Tel: (315) 437-8343 

TWX: 710-541-1506 


NORTH CAROLINA 
Burgin-Kreh Associates, Inc. 
P.O. Box 19510 

Raleigh, North Carolina 27609 
Tel: (919) 781-1100 

TWX: 510-928-0540 


Shipping: 
3901 Barrett Drive 
Raleigh, North Carolina 27609 


OHIO 

Dolfuss-Root & Co. 
13477 Prospect Road 
Strongsville, Ohio 44136 
Tel: (216) 238-0300 
TWX: 810-427-9148 


Dolfuss-Root & Co. 

354 Silvertree Lane 
Centerville, Ohio 45459 
Tel: (513) 433-6776 


PENNSYLVANIA 

Western) 

acon Electronic Sales 

115 South High Street 
Waterford, Pennsylvania 16441 
Tel: (814) 796-2381 
TWX: 510-699-6870 


TENNESSEE 

(Western) 

Burgin-Kreh Associates, Inc. 
350 E. Race Street 
Kingston, Tennessee 37763 


EMA 
11305 Silver Springs Drive 
Knoxville, Tennessee 37922 


(Eastern) 

Burgin-Kreh Associates, Inc. 
P.O. Box 268 

12 Skyline Or. 

Kingston Heights, 

Kingston, Tennessee 37763 
Tel: (615) 690-6100 


TEXAS 

Bonser-Philhower Sales 
13777 N. Central Expressway 
Suite 212 

Dallas, Texas 75243 

Tal: (214) 234-8438 


Bonser-Philhower 

3300 Chimneyrock, Suite 208 
Houston, Texas 77056 

Tel: (713) 783-0063 


Bonser-Philhower Sales 
8330 Burnett Rd. 

Suite 133 

Austin, Texas 78758 
Tel: (512) 458-3569 


UTAH 

R2 

940 North 400 East, Suite B 
North Salt Lake, Utah 84054 
Tel: (801) 290-2631 

TWX: 910-925-5607 


VIRGINIA 

Burgin-Kreh Associates, Inc. 
P.O. Box 4254 

5521 Fort Avenue 

Lynchburg, Virginia 24502 
Tel: (804) 239-2626 


WASHINGTON 

Venture Electronics 

P.O. Box 3034 

Bellevue, Washington 98009 
Tel: (206) 454-4594 
TELEX: 32-8951 


Shipping: 
1645 Rambling Lane 
Bellevue, Washington 98004 


WISCONSIN 

Oasis Sales, Inc. 

N. 81 W. 12920 Leon Road 

Suite 11 

Menomonee Fails, Wisconsin 53051 
Tel: (414) 445-6682. 


U.S. AND CANADIAN STOCKING DISTRIBUTORS 


ALABAMA 
Hamilton/Avnet Electronics 
4812 Commercial Drive 
Huntsville, Alabama 35805 
Tel: (205) 533-1170 


Hall-Mark Electronics 
4739 Commercial Drive 
Huntsville, Alabama 35805 
Tel: (205) 837-8700 


ARIZONA 

Liberty Electronics 
8155 North 24th Avenue 
Phoenix, Arizona 85021 
Tel: (602) 249-2232 


Hamilton/Avnet Electronics 
2615 S. 21st Street 
Phoenix, Arizona 85034 
Tel: (602) 275-7851 
TWX: 910-951-1535 


CALIFORNIA 

Avnet Electronics 

350 McCormick Avenue 

Irvine Industrial Complex 
Costa Mesa, California 92626 
Tel: (714) 754-6084 

TWX: 910-595-1928 


Bell Industries 

1161 N. Fairoaks Avenue 
Sunnyvale, California 94086 
Tel: (408) 734-8570 

TWX: 910-339-9378 


Hamilton Electro Sales 
10912 W. Washington Blvd. 
Culver City, California 90230 
Tel: (213) 558-2100 

(714) 522-8220 
TWX: 910-340-6364 

910-340-7073 

TELEX: 67-36-92 


Hamilton/Avnet Electronics 
1175 Bordeaux 

Sunnyvale, California 94086 
Tel: (408) 743-3300 

TWX: 910-339-9332 


Hamilton/Avnet Electronics 
4545 View Ridge Road 

San Diego, California 92123 
Tel: (714) 571-7500 
TELEX: .69-54-15 


Hamilton/Avnet Electronics 
3170 Pullman 

Costa Mesa, California 92626 
Tel: (714) 979-6864 


Liberty Electronics 

9525 Chesapeake Drive 
San Diego, California 92123 
Tel: (714) 565-9171 

TWX: 910-335-1590 


Schweber Electronics 
17811 Gillette 

Irvine, California 92714 
Tel: (213) 537-4320 
TWX: 910-595-1720 


Liberty Electronics 

124 Maryland Avenue 

El Segundo, California 90545 

Tel: (213) 322-8100 

TWX: 910-348-7140 
910-348-7111 


Arrow Electronics 

720 Palomar Ave. 
Sunnyvale, California 94086 
Tel: (408) 739-3011 

TWX: 910-339-9371 


Wyle Distribution Group/Santa Clara 
3000 Bowers Avenue 
Santa Clara, California 95052 
Tel: (408) 727-2500 
TWX: 910-338-0296 
910-338-0541 


Wyle Distribution Group 
17981 Skypark Circle 
Suite M 

Irvine, California 92713 
Tel: (714) 751-9850 


CANADA 

Hamilton/Avnet Electronics 

2670 Paulus 

St. Laurent, Quebec, Canada H4S1G2 
Tel: (514) 331-6443 

TWX: 610-421-3731 


Hamilton/Avnet Electronics 

6291-16 Dorman Road 

Mississauga, Ontario, Canada L4V1H2 
Tel: (416) 677-7432 

TWX: 610-492-8867 


Hamilton/Avnet Electronics 

1735 Courtwood Crescent 
Ottawa, Ontario, Canada K2C3J2 
Tel: (613) 226-1700 

TWX: 610-562-1906 


RAE Industrial Electronics, Ltd. 
3455 Gardner Court 

Burnaby, British Columbia 
Canada V5G 4J7 

Tel: (604) 291-8866 

TWX: 610-929-3065 

TLX: 04-356533 


Future Electronics 
5647 Ferrier Street 
Montreal, Quebec, Canada H4P2K5 
Tel: (514) 731-7441 
TWX: 610/421-3251 
05-827789 


Future Electronics 
4800 Dufferin Street 
Downsview, Ontario 
Canada M3H 589 
Tel: (416) 663-5563 


Future Electronics 

3070 Kingsway 

Vancouver, British Columbia 
Canada V5R 5J7 

Tel: (604) 438-5545 

TWX: 610-922-1668 


Future Electronics 
Baxter Centre 

1050 Baxter Rd. 
Ottawa, Ontario 
Canada K2C 3P2 
Tel: (613) 820-8313 


COLORADO 

Elmar Electronics 

6777 E. 50th Avenue 

Commerce City, Colorado 80022 
Tel: (303) 287-9611 

TWX: 910-936-0770 


Hamilton/Avnet Electronics 
5921 N. Broadway 
Denver, Colorado 80216 
Tel: (303) 534-1212 
TWX: 910-931-0510 


Bell Industries 

8155 W. 48th Avenue 
Weatridge, Colorado 80033 
Tel: (303) 424-1985 

TWX: 910-938-0393 


CONNECTICUT 
Hamilton/Avnet Electronics 

643 Danbury Road 
Georgetown, Connecticut 06829 
Tel: (203) 762-0361 


Schweber Electronics 
Finance Drive 

Commerce Industrial Park 
Danbury, Connecticut 06810 
Tal: (203) 792-3500 


C-3 


Arrow Electronics 

295 Treadwell Street 
Hamden, Connecticut 06514 
Tel: (203) 248-3801 

TWX: 710-465-0780 


Wilshire Electronics 

2554 State Street 

Hamden, Connecticut 06517 
Tel: (203) 281-1166 

TWX: 710-465-0747 


FLORIDA 

Arrow Electronics 

115 Palm Road N.W. 
Suite 10 

Paim Bay, Florida 22905 
Tel: (805) 725-1480 


Arrow Electronics 

1001 N.W. 62nd St., Suite 402 
Ft. Lauderdale, Florida 33300 
Tel: (305) 776-7790 


Hall-Mark Electronics 
7233 Lake Ellenor Dr. 
Orlando, Florida 32809 
Tel: (305) 855-4020 
TWX: 810-850-0183 


Hall-Mark Electronics 

1302 West McNabb Road 

Ft. Lauderdale, Florida 33309 
Tel: (305) 971-9280 

TWX: 510-956-9720 


Hamilton/Avnet Electronics 
6800 N.W. 20th Ave. 

Ft. Lauderdale, Florida 33309 
Tel: (305) 971-2900 


Hamilton/Avnet Electronics 
3197 Tech Drive North 

St. Petersburg, Florida 33702 
Tel: (813) 576-3930 


Pioneer/Florida 

6220 S. Orange Blossom Trail 
Suite 412 

Orlando, Florida 32809 

Tel: (305) 859-3600 

TWX: 810-850-0177 


GEORGIA 

Arrow Electronics 

2979 Pacific Drive 
Doraville, Georgia 30071 
Tel: (404) 449-8252 
TWX: 810-757-4213 


Hamilton/Avnet Electronics 
6700 1-85 

Suite 2B 

Norcross, Georgia 30071 
Tel: (404) 448-0800 


ILLINOIS 

Arrow Electronics 

492 Lunt Avenue 
Schaumburg, Illinois 60193 
Tel: (312) 893-9420 


Hall-Mark Electronics 
180 Crossen Avenue 
Elk Grove Village, Illiniois 60007 
TEL: (312) 437-8800 
TWX: 910-222-2859 


Hamilton/Avnet Electronics 
3901 North 25th Avenue 
Schiller Park, Illinois 60176 
Tel: (312) 678-6310 

TWX: 910-227-0060 


Pioneer/Chicago 

1551 Carmen Drive 

Elk Grove Village, Illinois 60007 
Tel: (312) 437-9680 

TWX: 910-222-1834 


INDIANA 

Pioneer/Indiana 

6408 Castle Place Drive 
Indianapolis, Indiana 46250 
Tel: (317) 849-7300 

TWX: 810-260-1794 


KANSAS 

Hall-Mark Electronics 

11870 West 91st Street 
Congleton Industrial Park 
Shawnee Mission, Kansas 66214 
Tel: (913) 888-4747 

TWX: 510-928-1831 


Hamilton/Avnet Electronics 
9219 Quivira Road 

Overland Park, Kansas 66215 
Tel: (913) 888-8900 


MARYLAND 

Arrow Electronics 

4801 Benson Avenue 
Baltimore, Maryland 21227 
Tel: (301) 247-5200 


Hall-Mark Electronics 

665 Amberton Drive 
Baltimore, Maryland 21227 
Tel: (301) 796-9300 

TWX: 710-862-1942 


Hamilton/Avnet Electronics 
7235 Standard Drive 
Hanover, Maryland 21076 
Tel: (801) 796-5000 

TWX: 710-862-1861 
TELEX: 8-79-68 


Pioneer/Washington 

9100 Gaither Road 
Gaithersburg, Maryland 20760 
Tel: (301) 948-0710 

TWX: 710-828-0545 


MASSACHUSETTS 

Arrow Electronics 

96D Commerce Way 

Woburn, Massachusetts 01801 
Tel: (617) 933-8130 

TWX: 510-224-6494 


Hamilton/Avnet Electronics 

50 Tower Office Park 

Woburn, Massachusetts 01801 
Tel: (617) 935-9700 

TWX: 710-393-0382 


Schweber Electronics 

25 Wiggins Road 

Bedford, Massachusetts 01730 
Tel: (617) 275-5100 


Wilshire Electronics 

One Wilshire Road 

Burlington, Massachusetts 01803 
Tel: (617) 272-8200 

TWX: 710-332-6359 


MICHIGAN 

Arrow Electronics 

3921 Varsity Drive 

Ann Arbor, Michigan 48104 
Tel: (313) 971-8220 

TWX: 810-223-6020 


Hamilton/Avnet Electronics 
32487 Schoolcraft 

Livonia, Michigan 48150 
Tel: (313) 522-4700 
TWX: 810-242-8775 


Pioneer/Michigan 

13485 Stamford 

Livonia, Michigan 48150 
Tet: (313) 525-1800 
TWX: 810-242-3271 


MINNESOTA 

Arrow Electronics 

9700 Newton Avenue South 
Bloomington, Minnesota 55431 
Tel: (612) 888-5522 


U.S. AND CANADIAN STOCKING DISTRIBUTORS (Cont.) 


MINNESOTA 


Hall-Mark Electronics 

9201 Penn Avenue South 
Suite 10 

Bloomington, Minnesota 55431 
Tel: (612) 884-9056 

TWX: 910-576-3187 


Hamilton/Avnet Electronics 
7449 Cahill Rd. 

Edina, Minnesota 55435 
Tel: (612) 941-3801 


MISSOURI 

Hall-Mark Electronics 
13789 Rider Trail 

Earth City, Missouri 63045 
Tel: (314) 291-5350 

TWX: 910-760-0671 


Hamilton/Avnet Electronics 
364 Brookes Lane 
Hazelwood, Missouri 63042 
Tel: (314) 731-1144 
TELEX: 44-23-48 


NEW JERSEY 

Arrow Electronics 

Pleasant Valley Road 
Moorestown, New Jersey 08057 
Tel: (609) 235-1900 


Arrow Electronics 

285 Midland Ave. 

Saddle Brook, New Jersey 
Tel: (201) 797-5800 
TWX: 710-988-2206 


Hamilton/Avnet Electronics 
10 Industrial Road 

Fairfield, New Jersey 07006 
Tel: (201) 575-3390 


Hamilton/Avnet Electronics 

1 Keystone Avenue 

Cherry Hill, New Jersey 08003 
Tel: (609) 424-0100 


Schweber Electronics 

18 Madison Road 

Fairfield, New Jersey 07006 
Tel: (201) 227-7880 

TWX: 710-480-4733 7 


Wilshire Electronics 

1111 Paulison Avenue 
Clifton, New Jersey 07015 
Tel: (201) 340-1900 
TWX: 710-989-7052 


NEW MEXICO 

Belt Industries 

11728 Linn N.E. 

Albuquerque, New Mexico 87123 
Tel: (505) 292-2700 

TWX: 910-989-0625 


Hamilton/Avnet Electronics 

2450 Baylor Drive S.E. 
Albuquerque, New Mexico 87119 
Tel: (505) 765-1500 


Electronic Devices Co., Inc. 
3301 Juan Tabo N.E. 
Albuquerque, New Mexico 87111 
Tel: (505) 293-1935 


NEW YORK 

Arrow Electronics 

900 Broad Hollow Road 
Farmingdale, New York 11735 
Tel: (516) 694-6800 

TWX: 510-224-6155 


Hamilton/Avnet Electronics 
167 Clay Road 

Rochester, New York 14623 
Tel: (716) 442-7820 


Hamilton/Avnet Electronics 
5 Hub Drive 

Melville, New York 11746 
Tel: (516) 454-6000 
TWX: 510-224-6166 


Hamilton/Avnet Electronics 
6500 Joy Road 

E. Syracuse, New York 13057 
Tel: (315) 437-2642 

TWX: 710-541-0959 


Summit Distributors, inc. 
916 Main Street 

Buffalo, NY 14202 

Tel: (716) 884-3450 
TWX: 710-522-1692 


Wilshire Electronics 
110 Parkway South 
Hauppauge 

Long Island, NY 11787 
Tel: (516) 543-5599 


Wilshire Electronics 

1260 Scottsville Road 
Rochester, New York 14623 
Tel: (716) 235-7620 

TWX: 510-253-5226 


Wilshire Electronics 

10 Hooper Road 

Endwell, New Ydrk 13760 
Tel: (607) 754-1570 
TWX: 510-252-0194 


Schweber Electronics 

Jericho Turnpike 

Westbury, New York 11590 

Tel: (516) 334-7474 

TWX: 510-222-9470 
510-222-3660 


NORTH CAROLINA 
Arrow Electronics 
1377-G Scutn Park Drive 


Kernersville, North Carolina 27284 


Tel: (919) 996-2039 


Hall-Mark Electronics 

1208 Front Street, Building K 
Raleigh, North Carolina 27609 
Tel: (919) 832-4465 

TWX: 510-928-1831 


Hamilton/Avnet Electronics 
2803 Industrial Drive 

Raleigh, North Carolina 27609 
Tel: (919) 829-8030 


OHIO 

Arrow Electronics 
6238 Cochran 
Solon, Ohio 44139 
Tel: (216) 248-3990 


Arrow Electronics 
3100 Plainfield Road 
Kettering, Ohio 45432 
Tel: (513) 253-9176 
TWX: 810-459-1611 


Hamilton/Avnet Electronics 
954 Senate Drive 

Dayton. Ohio 45459 

Tel: (513) 433-0610 
TWX: 810-450-2531 


Hamilton/Avnet 

761 Beta Drive, Suite E 
Cleveland, Ohio 44143 
Tel: (216) 461-1400 


Arrow Electronics 

10 Knollcrest Drive 
Reading. Ohio 45237 
Tel: (513) 761-5432 
TWX: 810-461-2670 


Pioneer/Cleveland 
4800 E. 131st Street 
Cleveland, Ohio 44105 
Tel: (216) 587-3600 
TWX: 810-422-2211 


OKLAHOMA 

Hall-Mark Electronics 
5460 S. 103rd E. Avenue 
Tulsa, Oklahoma 74145 
Tel: (918) 835-8458 
TWX: 910-845-2290 


PENNSYLVANIA 
Hall-Mark Electronics 
458 Pike Road 

Pike Industrial Park 
Huntingdon Valley, 
Pennsylvania 19006 
Tel: (215) 355-7300 
TWX: 510-667-1750 


Schweber Electronics 

101 Rock Road 

Horsham, Pennsylvania 19044 
Tel: (215) 441-0600 


Pioneer/Pittsburgh 

560 Alpha Drive 

Pittsburgh, Pennsylvania 15238 
Tel: (412) 782-2300 

TWX: 710-795-3122 


TEXAS 

Hall-Mark Electronics 
P.O. Box 22035 
11333 Page Mill Road 
Dallas, Texas 75222 
Tel: (214) 234-7300 
TWX: 910-867-4721 


Hall-Mark Electronics 
8000 Westglen 
Houston, Texas 77063 
Tel: (713) 781-6100 
TWX: 910-881-2711 


Hall-Mark Electronics 
10109 McKalla Drive 
Suite F 

Austin, Texas 78758 
Tel: (512) 837-2814 
TWX: 910-874-2010 


Hamilton/Avnet Electronics 
4445 Sigma Road 

Dallas, Texas 75240 

Tel: (214) 661-8661 
TELEX: 73-05-11 


Hamilton/Avnet Electronics 
3939 Ann Arbor Street 
P.O. Box 42802 

Houston, Texas 77042 
Tel: (713) 780-1771 


Hamilton/Avnet Electronics 
10508A Boyer Blvd. 
Austin, Texas 78757 

Tel: (512) 837-8911 


Schweber Electronics 
14177 Proton Road 
Dallas, Texas 75240 
Tel: (214) 661-5010 
TWX: 910-860-5493 


Schweber Electronics 
7420 Harwin Drive 
Houston, Texas 77036 
Tel: (713) 784-3600 


UTAH 

Bell industries 

3639 W. 2150 South 

Salt Lake City, Utah 84120 
Tel: (801) 972-6969 

TWX: 910-925-5686 


Hamilton/Avnet Electronics 
1585 West 2100 South 
Salt Lake City, Utah 84119 
Tel: (801) 972-2800 

TWX: 910-925-4018 


WASHINGTON 
Hamilton/Avnet Electronics 
14212 NE. 21st Street 
Bellevue, Washington 98005 
Tel: (206) 746-8750 

TWX: 910-443-2449 


Liberty Electronics 

1750 132nd Avenue N.E. 
Bellevue, Washington 98005 
Tel: (206) 453-8300 

TWX: 910-443-2526 


WISCONSIN 

Arrow Electronics 

434 W. Rawson Avenue 
Oak Creek, Wisconsin 53154 
Tel: (414) 764-6600 

TWX: 910-262-1193 


Hall Mark Electronics 

9657 S. 20th Street 

Oak Creek, Wisconsin 53154 
Tel: (414) 761-3000 


Hamilton/Avnet Electronics 
2975 Moorland Road 

New Berlin, Wisconsin 53151 
Tel: (414) 784-4510 


